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CHAPTER 1 
 
 
INTRODUCTION 
 
1.1. Overview 
‘Supereruptions’, as considered in the following chapters, are rare but giant, explosive volcanic 
events that result in the eruption of ≥450 km3 (Sparks et al. 2005; Self 2006) of silicic magma 
(>65 wt. % SiO2, Bachman and Bergantz 2008) over relatively short timescales (from days to as 
much as a few years, Self and Blake 2008). Such large eruptions are rare, but they have the 
potential to wreak havoc on the Earth and pose great risks to humanity (Self 2006; Lowenstern et 
al. 2006). Yet, the most recent supereruption occurred ~26.5 ka (Oruanui, New Zealand; Wilson 
2001), and there is little evidence to suggest that such a magma body presently exists; thus, we 
are currently unable to monitor these systems, and we have no firsthand knowledge of the impact 
superuptions can have on life and climate. Consequently, study of past supereruptions is critical 
to understanding the evolution and eruption of these large volume systems, to determining how 
they may differ from smaller systems that erupt more frequently or those that stall in the crust to 
form plutons or batholiths, and to developing early-detection methods and hazards programs to 
reduce the impact of future such eruptions. Igneous petrologists and volcanologists have put 
forth considerable effort to answer these and other questions about supereruptive systems, and 
these works have resulted in some answers, some hotly debated results, and, of course, more 
questions. In the following four chapters, I provide the contributions to these efforts and debates 
that I and co-workers have made. This work is primarily focused on two topics:  
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1.1.1. Longevity of giant magma bodies  
How long do giant magma bodies persist in the Earth’s crust prior to eruption?  
Constraining the timescales over which these magma bodies have grown and persisted is vital to 
understanding the development and eruption of these systems, why giant magma bodies and 
eruptions are rare or absent today, and how these systems do or do not differ from other kinds of 
volcanic and plutonic systems (e.g. Mount St. Helens, Kilauea). Yet, these timescales are a 
matter of much debate. For example, in the case of the Bishop Tuff (California; Bailey et al. 
1976; Hildreth 1979; Wilson and Hildreth 1997), ion probe based U-Pb dating of zircon crystals 
suggests the Bishop magma body crystallized over 10
4
-10
6
 a (Simon and Reid 2005; Reid 2008), 
while thermal ionization mass spectrometry (TIMS) U-Pb ages of zircon crystals + Ar-Ar 
eruption ages determined from sanidine crystals, as well as textures (sizes, shapes) of crystals 
and their inclusions, diffusion chronometry, and heat flow modeling, infer shorter times, on the 
order of 10
3
 a (Crowley et al. 2007; Gualda et al. 2012a; Pamukcu et al. 2012).  
This is a clear and important inconsistency, and reconciling timescales estimated by different 
methods (e.g. radiometric dating, textures, modeling) is critical to effectively constraining the 
longevity of these systems. A key problem in obtaining timescale information is the fact that it 
can be challenging to decipher what timescales are actually recorded by different phases in a 
magma body. For example, zircon is a hardy mineral, and it can last for long periods of time and 
record protracted histories that extend beyond the accumulation of the final magma body. 
Meanwhile, other phases saturate later or may not withstand perturbations in the system as well 
as zircon (e.g. thermal events), and thereby may not record the entire accumulation history of a 
system (e.g. quartz, feldspar).  
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In Chapter 3, I will detail a new method we have developed to image and measure melt 
inclusions in quartz crystals in 3D. The goal of this work was to obtain precise and accurate 
measurements of melt inclusion textures (sizes, shapes, positions), in order to use melt inclusion 
faceting (melt inclusion shape change) for timescale and growth rate estimates. In Chapter 4, I 
test melt inclusion faceting in quartz against another increasingly common method used for 
timescale determinations (diffusion chronometry), assess how well quartz records accumulation 
history, and apply the faceting method to estimate the longevity of and quartz growth rates in 
two giant magma bodies (Oruanui, Bishop Tuff). 
1.1.2. Conditions of the crust where giant magma bodies reside 
What are the pressure conditions under which these magma bodies accumulate? What does this 
tell us about the geometry of supereruptive systems, and does it have any implications for how 
these magmas are extracted, evolve, and erupt? 
The depths at which magma bodies reside is an important parameter to constrain, both for 
understanding magma body evolution and for the development of monitoring methods. A 
significant hurdle in determining residence pressures for these systems is the fact that pre-
eruptive pressure information is not well-recorded in volcanic deposits. Much of the effort in the 
development of effective geobarometers has focused on compositional variations in mineral 
phases, particularly amphibole (for reviews see Putirka 2008 and Anderson et al. 2008). Cation 
substitutions occur within the amphibole crystal structure, and some specific substitutions have 
been linked with variations in pressure and temperature conditions. Consequently, amphibole 
compositions are a potential refuge for pre-eruptive pressure information, and a number of 
amphibole-based geobarometers have been developed. Yet, there are considerable constraints on 
19 
 
the employment of these geobarometers (e.g. rocks must contain both amphibole and a suite of 
other specific mineral phases), such that their application is limited.  
Geobarometry using phase-equilibria has been developed as another means for obtaining 
pressure information in silicic systems that contain quartz and feldspar. Recently, a new phase-
equilibria geobarometer has been developed that uses rhyolite-MELTS thermodynamic modeling 
of melt compositions (captured in matrix glass or melt inclusion compositions) to derive 
crystallization pressures in such systems (Gualda and Ghiorso revised). In Chapter 5, I apply this 
geobarometer to assess the crystallization pressure of the high-silica rhyolite portion of a giant 
magma body (Peach Spring), and I compare the estimates from rhyolite-MELTS with those from 
amphibole geobarometry and other phase-equilibria geobarometers. The phase assemblage of the 
Peach Spring Tuff also affords an excellent opportunity to investigate amphibole-based 
temperature estimates, and I assess temperature estimates from amphibole thermometers with 
those determined using other methods (Gualda et al. 2012b, Pamukcu et al. 2013). Finally, 
Rhyolite-MELTS has the added benefit of weeding out altered glass compositions, and in this 
chapter I explore the effect of alteration on Peach Spring pressure estimates.  
Finally, in Chapter 6, I bring these various questions and methods together in an attempt to 
understand in more detail the accumulation, structure, and eruption of the Oruanui magma, the 
source of the most recent supereruption in Earth’s history.  
  
20 
 
CHAPTER 2 
 
 
GEOLOGIC BACKGROUND 
 
In the following chapters, I will discuss three giant systems (Oruanui, Bishop Tuff, Peach Spring 
Tuff) and one large, but not quite supereruptive, system (Ohakuri-Mamaku). Here, I provide 
some geologic background on each of these systems for context. 
2.1. Oruanui 
 The Taupo Volcanic Zone (TVZ) is located in the North Island of New Zealand (Figure 2.1). It 
is a rifted arc system that has an approximately 1.6 Ma history of volcanic activity, including at 
least 25 caldera-forming eruptions (Wilson et al. 2009). It remains the most active and 
potentially dangerous volcanic area on Earth. Supereruptions from the TVZ will immediately 
impact a population of >3 million people on the North Island.  
The Oruanui magma body, erupted ~26.5 ka from the TVZ, is the most recent known 
supereruption on Earth. The eruption deposited the equivalent of ~530 km
3
 of magma in the form 
of airfall, ash flow (ignimbrite), and intracaldera deposits, and it occurred intermittently over a 
period of up to several months (Figure 2.1, Wilson 2001). Wilson (2001) has documented 10 
independent phases of the Oruanui eruption, with six distinct types of airfall deposits and five 
ash flow deposits within these larger phases. The most recent timescales estimates, determined 
using diffusion chronometry and radiometric dating methods, suggest the Oruanui magma body 
developed over 10
2
-10
3
 years (~230-1600 a, Allan et al. 2013; ~3 ka, Wilson and Charlier 2009). 
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Figure 2.1. Maps of the Taupo Volcanic Zone, general caldera locations, and deposits from 
relevant eruptions. (a) General overview of calderas in the Taupo Volcanic Zone on the North 
Island of New Zealand (after Bégué et al. in press). (b) Map of the Oruanui caldera and ash flow 
deposits (light gray; from Wilson et al. 2006) (c) Map of Ohakuri and Rotorua calderas (dashed 
outline) with mapped Ohakuri and Mamaku ignimbrite deposits (after Gravley et al 2007). 
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Oruanui deposits are primarily unwelded (non-compacted, unconsolidated glass fragments) due 
to large-scale interactions of magma and water that caused rapid cooling, likely resulting from 
eruption through a water body (proto-Lake Taupo, Figure 2.1; Wilson 2001). Pumice clasts 
contain 3-13 wt. % phenocrysts of (most to least abundant): plagioclase, quartz, orthopyroxene, 
hornblende, magnetite, ilmenite, apatite, and zircon (Wilson 2001).  
The Oruanui is predominantly (99%) low- to high-silica rhyolite (71.8-76.8 wt. % SiO2 – 
anhydrous basis, principally 74.5-76.5 wt. % SiO2; Wilson et al. 2006), with a small amount 
(<1%) of more mafic material (52-63.5 wt. % SiO2; Wilson et al. 2006) also erupted. There is no 
overarching systematic variation in the Oruanui deposit. This makes it somewhat unique among 
large-volume eruptions, which often display variations in physical (e.g. crystal contents) and 
chemical composition with stratigraphic position that are consistent with inversion of a 
systematically zoned magma chamber. Wilson et al. (2006) associate the variations that are 
found in the Oruanui deposit to shifts in the position of the eruptive vent rather than time.  
Multiple studies have shown evidence of mixing and assimilation in the history of the Oruanui 
magma body: (a) rare mingled pumice clasts that range in composition from 60.9-73.7 wt.% 
SiO2 and contain phenocrysts varying widely in composition (mixing between rhyolitic and more 
mafic material – Wilson et al. 2006); (b) irregular CL boundaries around quartz cores, plus 
compositions of melt inclusions in these cores that indicate the presence of a melt with Ba-rich 
phases (e.g. alkali feldspar, biotite) that are not found in the Oruanui phenocryst assemblage 
(assimilation and resorption of phenocrysts from older intrusive rocks – Liu et al. 2006); (c) 
diversity in age spectra from zircon crystals that indicate the presence of phenocrysts and 
antecrysts in the Oruanui zircon population (assimilation of zircon from re-melted host rock – 
Charlier et al. 2005); (d) cloudy, rounded cores in plagioclase that have higher anorthite content 
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than rims and a large range of Sr-isotopic contents (assimilation and resorption of phenocrysts 
from other sources – Charlier et al. 2008); (e) low- and high-silica rhyolite glass compositions in 
low-silica rhyolite pumice clasts (late stage mixing between two distinct magma bodies – Allan 
et al. 2013); (f) amphibole and orthopyroxene crystals in high-silica rhyolite pumices that show 
resorbed cores, as well as trace elements compositions of cores, but not edges, that overlap with 
those of crystals from low-silica rhyolite pumices (extraction of crystals from a low-silica 
rhyolite magma body that continued crystallizing in a higher silica rhyolite magma – Allan et al. 
2013). 
2.2. Peach Spring Tuff 
The Peach Spring Tuff is a large, early Miocene (18.78±0.02 Ma, Ferguson et al. 2012) 
ignimbrite first defined by Young and Brennan (1974) in the southwestern United States (Figure 
2.2). Glazner et al. (1986) broadened its known extent to the Mojave Desert, and it has since 
been mapped and described extensively around the junction of Arizona, California, and Nevada 
(Wells and Hillhouse 1989; Sherrod and Neilson 1993). The Peach Spring Tuff represents a 
geologically instantaneous eruptive event that occurred within a period of significant regional 
extension (Howard and John 1987). Buesch (1992) estimated that the Peach Spring outflow sheet 
covered an area of at least 32,000 km
2 and had a volume ≥ 640 km3.  
Despite concerted efforts by numerous workers in the Black (Arizona) and Newberry (Nevada) 
Mountains (Young and Brennan 1974; Glazner et al. 1986; Hillhouse and Wells 1991; Buesch 
1992), the precise location of the Peach Spring source was unknown until recently. New detailed 
mapping has significantly revised the stratigraphic sequence in the Black Mountains, resulting in 
the identification of a caldera, now known as the Silver Creek caldera, to be the Peach Spring  
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Figure 2.2. Map showing the location of the Silver Creek caldera and areas from which the Peach 
Spring Tuff has been reported; modified from Wells & Hillhouse (1989). Inset map highlights 
the caldera complex, which includes related porphyries (Ferguson et al. 2012). The intracaldera 
deposits mark the exposed caldera, and the PST-related porphyries were emplaced near the 
caldera margin. 
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source caldera (Figure 2.2, Ferguson et al. 2012). The size of the Silver Creek caldera increases 
the known volume of the eruption by at least 60 km
3
 to ~700 km
3
 (Ferguson et al. 2012). 
The Peach Spring Tuff is typically strongly welded and varies in thickness (Glazner et al. 1986) 
from ≤10-15 m in distal portions (e.g. Barstow, California) to 60-140 m in more proximal 
localities (e.g. Kingman, Arizona; Piute Mountains, California). Young and Brennan (1974) 
initially described the Peach Spring Tuff as trachytic, but subsequent investigations of the 
elemental geochemistry of pumice clasts and fiamme in the outflow and the intracaldera indicate 
that the outflow is low- to high-silica rhyolite (71-76 wt.% SiO2) and the intracaldera is trachytic 
(66-68 wt.% SiO2) (Gaudio 2003; Pamukcu et al. 2013). The Peach Spring outflow contains 4-14 
wt. % phenocrysts (Young and Brennan 1974) of primarily feldspar (sanidine >> plagioclase), 
biotite, hornblende, pyroxene, and rare quartz. An unusually abundant accessory mineral 
population includes sphene, zircon and allanite, as well as chevkinite, apatite, and opaque oxides 
(primarily magnetite).  
Recent work has shown that the Peach Spring magma body was zoned in composition, 
crystallinity, and temperature, and this zonation is also evident in the reverse stratigraphy of the 
deposits. Phenocryst textures, trace element compositions of zircon and sphene, as well as Ti-in-
zircon and Zr-in-sphene temperatures suggest that a late-stage heating event occurred but it 
affected different portions of the magma body to varying extents. This event may have triggered 
the onset of the eruption, and the presence of rare mafic enclaves in some Peach Spring outcrops 
hints at a mafic input as the source of heat. Rhyolite-MELTS modeling and haplogranitic ternary 
barometry suggest the high-silica rhyolite portion of the magma body reached a nearly invariant 
point at ~742 °C and resided at a pressure of 250 MPa (Gualda et al. 2012b). Timescales 
determined from crystal size distributions of accessory minerals (magnetite, sphene, zircon, 
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allanite+chevkinite) give accumulation times on the order of 10
3
 a, with the onset of eruptive 
decompression 10
1
 a prior to the final eruption (Pamukcu et al. 2013). 
2.3. Bishop Tuff 
The Bishop Tuff was erupted ~760 ka in southeastern California (USA) and produced the well-
known Long Valley caldera (Figure 2.3). The eruption involved 600-650 km
3
 of magma 
(Hildreth and Wilson 2007) over some 125 hours of nearly-continuous eruption, with no 
significant hiatuses evident (Wilson and Hildreth 1997). The Bishop Tuff is an example of a 
particularly well-studied large volume system, with the stratigraphy and petrography (Bailey et 
al. 1976; Hildreth 1977, 1979; Wilson and Hildreth 1997), as well as whole-rock geochemistry 
(Hildreth 1977; Wilson and Hildreth 1997), geochronology (for a review, see Simon and Reid, 
2005), and mineral and melt inclusion compositions (e.g. Hildreth 1977, 1979; Hervig and 
Dunbar 1992; Wallace et al. 1999; Anderson et al. 2000) having been studied in considerable 
detail.  
Bishop Tuff deposits are primarily found in two locations, to the southeast and northwest of the 
caldera, and are separated by an amalgamation of pre-Bishop Tuff domes, ash flows, and small 
pyroclastic deposits, known as the Glass Mountain (Figure 2.3). Migration of the eruption vent, 
or the opening of a new, perhaps completely independent vent, is inferred from a change in the 
deposits to include Glass Mountain lithics in the bulk tuff and the presence of pyroxene in 
pumice clasts. The deposits are split into ‘early’- and ‘late’-erupted, which are distinguished by 
the fact that early-erupted deposits (a) are only found in the southern part of the deposits and (b) 
do not contain Glass Mountain lithics or pyroxene-bearing pumices.  
Compositional zonation of the Bishop magma body has been inferred based on a number of lines   
27 
 
 
Figure 2.3. Map of the Long Valley region in central eastern California showing the distribution 
of the Bishop Tuff. Map of distribution simplified from Hildreth and Mahood (1986) overlain on 
Google Earth image. Samples studied in Chapter 2 are all from early-erupted deposits: BB08 – 
Blind Spring Hill (Airfall unit 6 or 7 of Wilson and Hildreth 1997); Ia15 – Blind Spring Hill 
(Ignimbrite unite Ig2E of Wilson and Hildreth 1997); F8-15 – Chalfant Quarry (Airfall unit F8 of 
Wilson and Hildreth 2007).
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 of evidence, particularly the stratigraphic zonation of the deposit as a whole (Hildreth 1977; 
Hildreth and Wilson 2007), major and trace element, as well as oxygen isotope, compositions of 
phenocrysts (Hildreth 1979; Bindeman and Valley 2002), and volatile and trace-element 
compositions of melt inclusions (Hervig and Dunbar 1992; Wallace et al. 1995, 1999; Anderson 
et al. 2000). This compositional stratigraphy of the Bishop Tuff has been mainly thought to 
reflect variations that developed in a single magma body prior to the onset of the eruption, as 
indicated by the pressures of formation of melt inclusions in phenocrysts (≥100 MPa; Anderson 
et al. 2000). This description of the Bishop magma body suggests it was a single, zoned magma 
body with significant vertical extent; however, recent work using glass silica contents, 
haplogranitic ternary barometry, and rhyolite-MELTS simulations shows little variation in 
temperature and crystallization pressure between early- and late-erupted portions of the Bishop 
Tuff (Gualda and Ghiorso 2013b). This suggests the Bishop magma body was comprised of two 
laterally extensive and juxtaposed magma bodies. As mentioned above (see Introduction), the 
longevity of the Bishop magma body is a matter of much contention, and estimates range from 
10
3
-10
6
 a.  
2.4. Ohakuri-Mamaku 
The Ohakuri and Mamaku eruptions (central TVZ) were sourced from the Ohakuri and Rotorua 
calderas, respectively, which are located ~30 km apart (Figure 2.1). Ohakuri and Mamaku 
deposits are categorized into three types: Ohakuri airfall (first to erupt), Mamaku ignimbrite, and 
Ohakuri ignimbrite. In outcrop, the Mamaku ignimbrite is found interbedded between Ohakuri 
airfall and ignimbrite, with no evidence of paleosol formation or erosive surface to suggest a 
significant hiatus in the Ohakuri eruption. Ar/Ar age dates of these two eruptions overlap within 
error of each other and give and average age of ~240 ka. The stratigraphic relations, in 
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conjunction with the overlapping ages, suggest the Ohakuri and Mamaku magma bodies were 
erupted simultaneously (Gravley et al. 2007). This paired eruption was the culminating event in 
an ignimbrite flare-up period that spanned 100 ka and resulted in the eruption of >3000 km
3
 of 
magma from at least 7 caldera-forming eruptions and 15 smaller eruptions (Gravley et al. 2007). 
Subsequent to the Ohakuri-Mamaku eruptions the TVZ entered a period of quiescence, during 
which time a few smaller, generally more mafic, eruptions occurred until the catastrophic 26.5 ka 
Oruanui supereruption. In total, the paired Ohakuri-Mamaku eruptions produced ~245 km
3
 of 
magma (Gravley et al. 2007). 
The Ohakuri and Mamaku ignimbrite deposits are characterized by the same phenocryst 
assemblage (plagioclase, quartz, orthopyroxene, Fe-Ti oxides) and three magma types (ordered 
most to least evolved): Type 1 (74-78 wt. % SiO2), Type 2 (70-75 wt. % SiO2), and Type 3 (65-
72 wt. % SiO2). Type 1 and 2 Ohakuri compositions coincide with Type 1, 2, and 3 Mamaku 
compositions, but the Ohakuri Type 3 composition is distinctly different (Gravley et al. 2007; 
Bégué et al. in press). The similarity in whole-rock compositions and phenocryst assemblages 
suggests the Ohakuri and Mamaku magma bodies came from the same source, likely extracted 
from a slightly heterogeneous crystal mush. However, matrix and melt inclusion glass 
compositions suggest a somewhat more complicated geometry of the system that involves 
extraction of at least five magma batches from an underlying crystal mush, isolation and 
independent evolution of these magmas, and lateral movement and eruption of multiple magma 
batches from the Ohakuri and Rotorua calderas (Bégué et al. in press). 
Residence pressures of the Ohakuri and Mamaku magma bodies have been estimated using 
rhyolite-MELTS barometry (Bégué et al submitted). The resultant pressures are different for the 
two eruptions, with Ohakuri samples giving shallower pressures, consistent with the idea that 
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independent magma bodies existing at different crustal depths were tapped in the eruptions. In 
addition, matrix glasses record lower pressures than melt inclusions in many cases, likely 
reflecting changes in the melt that occur during eruptive decompression and magma ascent 
(Bégué et al. submitted). 
  
31 
 
CHAPTER 3   
 
 
QUANTITATIVE 3D PETROGRAPHY USING X-RAY TOMOGRAPHY 4: ASSESSING 
GLASS INCLUSION TEXTURES WITH PROPAGATION PHASE-CONTRAST 
TOMOGRAPHY 
 
3.1. Introduction 
Igneous rock textures have long been used to qualitatively assess the evolution of magmatic 
systems, and quantitative analysis of these textures has been a growing area of study in recent 
decades (Hersum and Marsh 2007). Quantitative analysis has traditionally been limited to two-
dimensional (2D) data sources that require application of stereological corrections (e.g., 
Sahagian and Proussevitch 1998; Higgins 2000; Jutzeler et al. 2012), or to crystal separates, 
which eradicate the context of an individual crystal and are prone to bias introduced in laboratory 
processing (e.g., crystal fragmentation). X-ray tomography is an increasingly important tool in 
both quantitatively and qualitatively assessing textures in three dimensions in rocks and other 
materials (e.g., Carlson et al. 2000; Mock and Jerram 2005; Jerram and Higgins 2007; Pamukcu 
et al. 2010; Gualda et al. 2010) because it is a relatively nondestructive technique that allows for 
in situ analysis of features and avoidance of stereological corrections.  
In parts 1-3 of this series, we outlined methods and applications of conventional and differential 
absorption X-ray tomography in the study of igneous rock textures (Gualda and Rivers 2006; 
Pamukcu and Gualda 2010; Gualda et al. 2010). We have used these methods to qualitatively 
assess the spatial distributions of major and accessory minerals in pumice clasts (Gualda et al. 
2010; Pamukcu et al. 2013) and to quantitatively determine crystal size distributions of major 
and accessory minerals to probe time scales of crystallization and the onset of eruptive 
decompression in giant magma bodies (Pamukcu and Gualda 2010; Pamukcu et al. 2012, 2013; 
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Gualda et al. 2012a). Here we focus on X-ray tomography as a tool to study textures of glass 
inclusions in crystals, the sizes, shapes, and distributions of which can have important petrologic 
implications, such as providing information on crystallization time scales (Skirius et al. 1990; 
Manley 1996; Gualda et al. 2012a). Glass inclusion textures have been studied (e.g., Lowenstern 
1995; Manley 1996; Bindeman 2005; Gualda et al. 2012a) through observations using the optical 
microscope on crystals placed in refractive index oil; however, estimates of size, shape, and 
position of inclusions are limited by the nature of the method. We describe here a method that 
yields more accurate and precise measurements of inclusion size, shape, and position, and it also 
allows three-dimensional (3D) visualization of inclusions.  
The difference in X-ray attenuation between a glass inclusion and its crystal host is often small, 
such that they can be difficult to impossible to distinguish in tomograms collected using standard 
absorption-contrast methods. Similarly, differential absorption-contrast tomography cannot be 
used to isolate inclusions because of low concentrations of the high atomic number elements that 
can be analyzed by this method (for details see Gualda et al. 2010). Given these limitations, we 
have explored a different method to distinguish and quantify glass inclusion textures, i.e., 
propagation phase-contrast X-ray tomography. This method enhances edge contrast of features, 
which makes separation of features with similar or same linear attenuation coefficient much 
more feasible than with standard tomography. We show here that this technique can be 
successfully used to quantitatively characterize the textures of rhyolitic glass inclusions in 
quartz. We describe the protocols used for imaging and processing, including a program we 
developed for image processing, and we show a few examples of inclusions imaged in quartz 
from the Bishop Tuff (California, USA). Our treatment is currently restricted to convex objects, 
so we focus on fully enclosed inclusions. 
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3.2. Background 
X-ray tomography is a 3D imaging technique that yields 3D maps (or tomograms) of specific 
sample properties. Visualization can be achieved by converting the value in each volume element 
(voxel) into grayscale intensity, which also allows for use of image processing techniques. Most 
commonly, X-ray tomography is based on absorption contrast, where the measured property is 
the linear attenuation coefficient, a function of the X-ray energy, phase density, and elemental 
composition (see Gualda and Rivers 2006). During image processing different phases can be 
quantitatively distinguished using grayscale filters (see Ketcham 2005); however, distinction of 
different phases is hampered or made impossible when the difference in attenuation between 
phases of interest is small. This is often a problem in studies of volcanic rocks, where the linear 
attenuation coefficient of glass or a mineral phase is similar to or the same as that of another 
mineral phase (e.g., quartz, feldspar). Similarly, glass inclusions in a crystal can often be 
qualitatively distinguished from the surrounding host, but the attenuation contrast between the 
inclusion and host may not be sufficient to allow quantification. It is sometimes possible to 
overcome these issues by using differential absorption contrast, which yields 3D maps of 
element concentrations, but unfortunately imaging energy requirements are such that the method 
is mostly limited to heavy elements such as Zr and rare earth elements (see Gualda et al. 2010).  
To overcome these limitations, we use propagation phase-contrast X-ray tomography to enhance 
edge contrast between crystals and their glass inclusions. In propagation phase-contrast 
tomography, the contrast is generated by refraction of X-rays at the interface between materials 
with different refractive indices. X-rays incident on the interface are bent toward the material 
with the higher refractive index, which will be air in the case of a solid-air interface. This is 
analogous to the Becke line phenomenon in visible light microscopy. The refraction angle is 
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quite small, <1 mrad, so propagation distances on the order of 0.1 m are required for the Fresnel 
fringes to be displaced by more than a pixel on the detector (Snigirev et al. 1995; Cloetens et al. 
1997; Tafforeau et al. 2006).  
3.2.1. Imaging  
We performed all tomographic imaging on the bending magnet beamline of the 
GeoSoilEnvironCARS (GSECARS) sector of the Advanced Photon Source at Argonne National 
Laboratory (Chicago, Illinois). Details of the experimental setup of the GSECARS beamline can 
be found in Rivers et al. (1999), Sutton et al. (2002), and Gualda and Rivers (2006). Individual 
crystals containing glass inclusions were mounted on metal pins and placed on a rotating stage 
(Figure 3.1). Beam energy was 20 keV for all analyses. During imaging the sample was rotated a 
total of 180°, and a radiograph was recorded by a charge-coupled device (CCD) camera at each 
step, for a total of 720 (2 × 2 binning in CCD camera) or 900 (no binning) radiographs collected 
for each tomogram. The resulting image resolution is ~2.8 (binned) and ~1.4 (unbinned) 
μm/voxel, respectively. The tomo_display program (Rivers and Gualda 2009) was used to 
reconstruct these radiographs to obtain a 3D map of linear attenuation coefficient (Rivers et al. 
1999).  
To achieve enhanced edge contrast by propagation phase-contrast, the sample-to-detector 
distance, kept to the minimum possible in absorption-contrast tomography (~30 mm in the 
GSECARS setup), was increased to as much as ~200 mm. Increasing this distance has the 
adverse effect of reducing image resolution; therefore, we tested four sample-to-detector 
distances (30 mm, 100 mm, 150 mm, 200 mm) in order to assess the trade-off in edge contrast 
and image resolution. Tomograms show an increase in edge contrast with increasing distance 
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Figure 3.1. Radiograph showing sample setup for tomographic analysis. Single quartz crystals 
are mounted on a metal pin with a small drop of epoxy so they can be rotated during analysis. 
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 (Figure 3.2), as clearly shown by tomograms filtered using edge-detection algorithms (Figure 
3.3). The 200 mm distance was the farthest distance achievable without requiring significant 
physical changes to the setup. Qualitative assessment of edge-detected images at the various 
sample-to-detector distances shows that the largest distance (200 mm) resulted in the greatest 
edge enhancement with comparatively little loss in resolution, and the results were sufficient for 
our image processing procedures to be successful. Thus, we imaged all remaining crystals with a 
sample-to-detector distance of 200 mm. We further compared the results of imaging performed 
using 2 × 2 binning of pixels in the CCD camera versus no binning; 2 × 2 binning results in a 
factor of 4-5 reduction in acquisition time (from ~1 h to <15 min per crystal), at the cost of a 
factor of 2 reduction in resolution (from 1.4 to 2.8 µm per voxel). Comparison of binned and 
unbinned images shows some qualitative difference in edge detection (Figure 3.4). A decrease in 
image resolution was noticeable in the binned images, but this decrease did not hamper our 
image processing. We considered this decrease in image quality from binning to be small 
compared with the significant decrease in imaging time that resulted.  
3.2.2. Image Processing  
In our previous three papers on this topic, we used the Blob3D program (Ketcham 2005) for 
much of the image processing; however, Blob3D has more limited use in edge-detection 
problems, and its output does not include a number of relevant quantities for our work with glass 
inclusions. Consequently, we have developed an IDL-based GUI program, vol_inclusion_hull, 
for processing these tomograms that will be made available free of charge (see following for 
details).  
We first apply an edge-detection filter to the whole tomogram; a Sobel filter yields the best 
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Figure 3.2. Slices through tomograms of a quartz crystal imaged at varying sample-to- detector 
distances. (a) 30 mm. (b) 100 mm. (c) 150 mm. (d) 200 mm. The 200 mm distance results in the 
greatest edge contrast and the greatest decrease in image resolution. The gain in edge 
enhancement is very large, while the loss in resolution is relatively small. Plots below slices are 
profiles of grayscale intensity versus position across a single glass inclusion. The approximate 
location of the profile is shown as an orange line on the image above the plot. Boxes indicate the 
location of inclusion edges. It is clear from the plots that noise in the images (e.g., ring artifacts) 
affects resolution of object edges, and the farthest sample-to-detector distance (200 mm) results 
in the greatest edge resolution.  
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Figure 3.3. Slices through tomograms of a quartz crystal imaged at varying sample-to-detector 
distances with a Sobel edge-detection filter applied. (a) 30 mm. (b) 100 mm. (c) 150 mm. (d) 200 
mm. Slices are the same as those in Figure 3.2, and grayscale intensity versus position plots for 
edge-detected tomograms show the same results as those in Figure 3.2. 
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Figure 3.4. Slices through tomograms of a quartz crystal. (a) Imaged using no binning. (b) Edge-
detected version of the unbinned tomogram. (c) Imaged using 2 × 2 binning of pixels in the 
charge-coupled device detector. (d) Edge- detected version of the binned tomogram. The higher 
spatial resolution in the unbinned tomograms is evident.  
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results among several options we tried (the program vol_sobel can be used to apply a Sobel filter 
to a tomogram in 3D). Single glass inclusions are clipped from both the original and the edge-
detected tomograms using the vol_trim program (Figure 3.5a, b; Rivers and Gualda 2009). 
Simple grayscale thresholding is used within vol_inclusion_hull to select the voxels describing 
the inclusion edge (Figure 3.5c). In order to construct the surface of the inclusion, we determine 
a convex hull around the selected voxels, which yields the smallest convex 3D envelope that 
contains all the selected points (Figure 3.5c, d); because a convex hull is used, only convex 
inclusions can be properly processed with our current approach. We adjust the fit of our convex 
hull interactively in vol_inclusion_hull using one or more of the following methods: (1) 
adjusting the grayscale threshold values to select brighter or darker pixels; (2) applying a 
distance filter such that the convex hull is created using only voxels that are within a designated 
distance from the centroid of the object; (3) applying an erosion filter to the selected voxels to 
reduce noise within and thickness of the boundary region; (4) manually selecting individual 
voxels for removal.  
Outliers are the main source of difficulty in processing these volumes (Figure 3.6). We use three 
methods to monitor for them and to assess the quality of the fit of the convex hull.  
(1) We display 2D slices through the original volume overlain with a polygon representing 
the 2D trace of the convex hull for that slice (Figure 3.6a, d). This allows us to see the 
location of individual outliers and remove them.  
(2) We create a histogram describing the distance of selected voxels from the object centroid 
(Figure 3.6b, e). This allows us to determine the distance at which the majority of the  
selected voxels are located; voxels at distances substantially farther than typical are 
considered potential outliers.  
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Figure 3.5. Flow chart of image processing procedures. (a) Slice through edge-detected 
tomogram of quartz crystal; glass inclusion to be processed is highlighted. (b) Slice through 
edge-detected tomogram of glass inclusion clipped from the larger volume. (c) Two-dimensional 
image of voxels selected using a grayscale filter and distance threshold; red line represents the 
convex hull fitted with the given parameters. (d) Three- dimensional view of the polyhedron 
representing the inclusion, created from the fitted convex hull.   
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Figure 3.6. Methods used to monitor and remove outliers to produce a better fit of the convex 
hull. (a, d) Two- dimensional (2D) slices through original tomogram showing the inclusion with 
the 2D trace of the 3D hull overlain in red. (b, e) Histograms showing the distance of each point 
to the centroid of the object. (c, f) 3D renditions of the object, with points shown as white dots 
and the fitted convex hull shown as a red wireframe. The change in the fit from the top to bottom 
panels results from the removal of outliers by adjustment of the grayscale and distance thresholds 
and removal of select individual pixels (see text discussion of Image Processing for more 
details). 
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(3) We create a 3D image that displays all of the points selected by the grayscale filter and 
the polyhedron created based on the current values for the distance and erosion 
parameters (Figure 3.6c, f).  
These operations can all be performed with vol_inclusion_hull, and parameters can be easily 
changed with results displayed in real time. This allows for quick processing of individual 
inclusions. We find that most inclusions can be processed in ~5-10 min. Output of the program 
includes (1) the parameters used to create the hull, including a list of manually excluded voxels 
that can be imported into the program and used for fast reprocessing if needed; (2) basic metrics 
characterizing the inclusion, including volume, surface area, sphere-normalized surface area-to-
volume ratio (SNSVR; see Ketcham 2005), best-fit ellipsoid properties (minimum, intermediate, 
and major axes), properties of the best-fit ellipsoid scaled to have the same volume as the 
inclusion, and ellipsoid-normalized surface area-to-volume ratio (ENSVR); and (3) a file 
containing IDL variables used and created during processing that can be read into IDL and used 
to create new visualizations or perform additional calculations.  
The method described here is not only useful for characterizing inclusions in crystals but any 
objects that can have their edges emphasized by edge-detection filters. We use our procedure to 
characterize and create visualizations of the host crystal (see following).  
Multiple inclusions can be combined into a single visualization using the program 
vol_inclusion_gather, which uses the output of vol_inclusion_hull and known locations 
(recorded as output by vol_trim) of each subvolume (i.e., volumes containing individual clipped 
inclusions) within the original volume.  
44 
 
The location of an inclusion relative to the nearest edge of the crystal host can be determined 
using the program vol_inclusion_distance. This program first repositions the inclusion within the 
crystal host as in vol_inclusion_gather; it then determines the distance between the inclusion 
centroid to all the triangles that make up the convex hull of the crystal, and the smallest 
calculated distance is output as the distance from the crystal edge.  
The programs vol_inclusion_hull, vol_inclusion_gather, and vol_inclusion_distance, as well as 
other tools assembled under the name "vol_ tools" (Rivers and Gualda 2009) can be obtained 
from us or from http://my.vanderbilt.edu/ggualda /vol_tools/. All of these programs can be run 
free of charge using the IDL Virtual Machine (see www.exelisvis.com/ProductsServices/IDL 
/DevelopmentEnvironment.aspx).  
3.3. Applications 
3.3.1. Faceting Time Scales  
Our motivation for developing this method was to assess glass inclusion size, shape, and location 
for determination of the longevity of giant magma bodies (see Gualda et al. 2012a). A full 
discussion of the implications of our results is beyond the scope of this manuscript and will be 
provided in subsequent contributions. The intent of this section is to show the kinds of data that 
can be derived using the method described here.  
We focus on fully enclosed glass inclusions in quartz crystals from the early erupted Bishop Tuff 
(California), using some of the same samples studied in Gualda et al. (2012a). We show 
inclusions from two quartz crystals (F815_xtl827, F815_xtl831) selected from a single pumice 
clast from fall unit F8 (following the classification of Wilson and Hildreth 1997) of the Bishop 
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Tuff. Pumice clasts were first crushed lightly and crystals containing clear, nondevitrified glass 
inclusions were picked and mounted on metal pins with epoxy (Figure 3.1). Effort was made to 
ensure that no part of the crystal was embedded in the epoxy. Imaging and processing followed 
the protocols described herein.  
Studied inclusions show a wide range of shapes, from nearly spherical to more ellipsoid, and also 
vary substantially in the degree of faceting, as revealed by the deviations of SNSVR or ENSVR 
from 1 (Figure 3.7). Considering only the four inclusions from sample F815_xtl827 (Figure 3.8), 
we find that the largest inclusion (inclusion 1) is the most faceted and located nearest to the 
center of the crystal (0.422 mm from crystal edge). The smallest inclusions (inclusions 3 and 4) 
are the least faceted and nearer to the edge of the crystal (0.200 mm and 0.299 mm from crystal 
edge, respectively), while the intermediate-sized inclusion (inclusion 2) is faceted and positioned 
between the largest and smallest inclusions (0.304 mm from crystal edge). These observations 
are consistent with the idea that melt inclusions gradually facet after entrapment during crystal 
growth under magmatic conditions (Skirius et al. 1990; Manley 1996; Gualda et al. 2012a).  
These results may initially seem counterintuitive, as smaller inclusions are expected to be more 
faceted than large inclusions due to the smaller volume that needs to be diffused. However, 
position is also an important variable in the problem: given inclusions of the same volume, those 
closer to the center of the crystal are expected to be more faceted than those nearer to the edge. 
Considering these two factors, size and position, in combination, our finding of large inclusions 
that are more faceted than small inclusions is reasonable and does not conﬂict with the approach 
of using faceting to obtain estimates of residence time.  
Using the kinetic expression provided in Gualda et al. (2012a), we calculate the time required for 
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Figure 3.7. Two polyhedrons describing melt inclusions and measurements of their sizes, shapes, 
and faceting times. Inclusions vary drastically in shape from more spherical and less faceted 
(orange) to more ellipsoidal and more faceted (blue). This is quantitatively indicated by the 
sphere-normalized surface area-to-volume ratio (SNSVR) and ellipsoid- normalized surface 
area-to-volume ratio values (ENSVR) (see text discussion of Applications for more details).  
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Figure 3.8. Four inclusions (solid) repositioned within a crystal (gray wireframe). Textural 
information, time-scale estimates, and Ri/Rh (radius ratio of a glass inclusion to the crystal host; 
see text for details) are detailed below each inclusion. Distance is distance of the inclusion from 
the host crystal edge. SNSVR: sphere-normalized surface area-to-volume ratio; ENSVR: 
ellipsoid-normalized surface area-to-volume ratio.  
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full faceting, i.e., the time required for the inclusion to obtain the full negative crystal shape (e.g., 
a hexagonal bipyramid, in the case of quartz), of these five inclusions. This faceting time is a 
function of temperature (estimated between 720 and 780 °C for the Bishop Tuff; Hildreth 1979; 
Bindeman and Valley 2002; we use 750 °C; Gualda et al. 2012b; Gualda and Ghiorso 2013b), 
diffusion of silica in melt (1.28 × 10
-14
 m
2
/s; Baker 1991), a series of constants, and the change in 
volume. It is important that the faceting process is modeled assuming volume invariance, i.e., 
there is no net gain or loss of volume of the inclusion. In this sense, faceting is attained by 
diffusion of material from curved regions, where dissolution takes place, toward corner regions, 
where re-precipitation occurs (Gualda et al. 2012a). It is this volume, i.e., the volume that has 
moved in the faceting process, that we call the "change in volume"; to calculate the change in 
volume, we compare the volume of the inclusion determined with tomography to that of a 
hexagonal bipyramid of the same volume. The errors from this calculation were thoroughly 
examined (Gualda et al. 2012a), and the error was estimated as ~125%.  
All five inclusions give full faceting times in the range of 10
2
-10
3
 a (Figure 3.7 and Figure 3.8), 
consistent with those obtained in Gualda et al. (2012a). Considering only the inclusions in 
sample F815_xtl827, we find that the largest, most faceted, most centrally located inclusion 
would require the longest time for full faceting (inclusion 1: 674-2359 a), while the smallest, less 
faceted, more edgeward inclusions would require the shortest times for full faceting (inclusion 3: 
164-573 a, inclusion 4: 222-777 a). The inclusion that is intermediate in size, position, and 
faceting gives times for full faceting intermediate between the largest and smallest inclusions 
(inclusion 2: 422-1476 a). Given that none of the inclusions considered is fully faceted, these 
results are consistent with centennial to millennial crystallization times for quartz from the 
Bishop Tuff, in agreement with the findings in Gualda et al. (2012a) and Pamukcu et al. (2012).  
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We are currently working on comparing time scales obtained from glass inclusion faceting with 
those from diffusion profiles along boundaries containing inclusions. Toward this end we are 
imaging crystals with tomography, subsequently sectioning and polishing them to reveal 
inclusions of interest, and imaging them in 2D using a cathodoluminescence detector attached to 
a scanning electron microscope to reveal zoning. Preliminary results suggest that faceting times 
compare very well with diffusional relaxation times; presentation of the results will be the 
subject of an upcoming contribution.  
3.3.2. Glass Inclusion Size Distributions  
Bindeman (2005) suggested that glass inclusion size distributions and the radius ratio of a glass 
inclusion to the crystal host (Ri/Rh) can provide information on inclusion capture and crystal 
fragmentation. Such size distributions and quantities can be readily determined using the 
methods we describe here. To demonstrate this, we determine the Ri/Rh for the four inclusions 
from crystal F815_xtl827 using tomography data (Figure 3.8). For this application, we calculate 
the equivalent radius (i.e., the radius of a sphere with the same volume) of inclusions and the 
host crystal; the host crystal is processed in the same manner as the inclusions. Embayments in 
the crystal result in an overestimate of the volume, but it is clear from Figure 8 that the crystal 
host is also not a whole crystal. We expect both factors to partially offset each other. Further, 
even if the crystal volume we determine is larger or smaller than the true volume by as much as a 
factor of two, the equivalent radius we obtain is only overestimated or underestimated by 20%. 
As a result, we consider this to be an adequate estimate of the crystal size.  
The Ri/Rh of the four inclusions in crystal F815_xtl827 ranges from 0.05 to 0.08. These results 
are consistent with those of Bindeman (2005), who found that 90% of glass inclusions in quartz 
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crystals from late erupted Bishop Tuff and the Lower Bandelier Tuff have small Ri/Rh (0.02-
0.08), suggesting that inclusions with larger Ri/Rh are less likely to survive in the face of even 
small overpressures. The data we present here are too few to draw similar conclusions on 
inclusion capture and crystal fragmentation, but the method is clearly useful and appropriate for 
such studies.  
3.3.3. Further Work  
At this juncture, our processing routine is only appropriate for use on single, fully enclosed 
inclusions due to complications in the following.  
(1) Creating convex hulls of multiple objects in a single image: currently, when multiple 
inclusions are processed together (i.e., not clipped and processed individually) they are 
combined into a single convex hull. For the purposes of this work, this is not a prohibitive 
problem as we do not require data on every inclusion in a given crystal, and we can 
process single inclusions in tens of minutes.  
 
(2) Appropriately describing concave objects: the convex hull operation is only appropriate 
for inclusions that do not have concave embayments. In the case of an embayed or 
concave object, the convex hull operation overestimates the volume of the object because 
the embayment is effectively ignored.  
Work to devise methods to process multiple inclusions at once and objects with concave shapes 
is ongoing.  
In our work thus far, we have focused on the characterization of glass inclusions in quartz 
crystals. Future work will include imaging and quantification of textures of glass and/or mineral 
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inclusions in other minerals (e.g., feldspar, pyroxene, olivine, amphibole, and other accessory 
minerals). Beyond the characterization of the texture of inclusions, the ability to locate inclusions 
within crystals in 3D may prove helpful in efforts to expose specific inclusions through 
sectioning of the host crystals (e.g., Fourier transform infrared spectroscopy sample preparation).  
3.4. Conclusions 
X-ray tomography is an excellent method for quantitatively and qualitatively studying textures of 
igneous rocks, and here we demonstrate its application in assessing glass inclusion textures. 
Processing images obtained using standard absorption-contrast tomography is difficult to 
impossible when features have the same or similar linear attenuation coefficient, as is often the 
case with glass inclusions in a quartz host. We demonstrate that propagation phase-contrast 
tomography eases these processing problems by enhancing edges of these features such that 
edge-detection algorithms can be successfully applied to quantitatively describe glass inclusion 
shapes. Edge enhancement is achieved by increasing the sample-to-detector distance; while some 
reduction in image resolution is expected, our results suggest that it is minor compared to the 
increased ability to enhance edges.  
The typical approach for image processing that we have used in previous work, using the 
Blob3D program (Ketcham 2005), is not suitable for edge-detection problems. As a result, we 
have developed an IDL-based GUI program for processing propagation phase-contrast 
tomograms of glass inclusions that uses a combination of grayscale filters, distance thresholding, 
erosion filtering, and individual selection of voxels to fit a convex hull to the inclusion of 
interest. This processing method is applicable to single, concave inclusions, yielding quantitative 
estimates of size, shape, and position of inclusions within the host crystal. Additional work is 
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needed to process multiple inclusions at once and to characterize non-concave inclusions. 
Nonetheless, there are diverse applications that the method presented here can be used for, such 
as quantifying textures of glass and mineral inclusions in other silicate minerals, and determining 
positions of inclusions in crystals for subsequent sectioning and analysis.  
We demonstrate the application and success of this method in assessing glass inclusion faceting 
of five inclusions in quartz crystals from early erupted Bishop Tuff. Results show that glass 
inclusions have a wide range of shapes, from nearly spherical to nearly ellipsoidal, from round to 
faceted, and that their textures suggest quartz residence times on centennial to millennial time 
scales, consistent with results in Gualda et al. (2012a). We also show that this method can be 
used for studies of glass inclusion size distributions, akin to work done by Bindeman (2005). 
 
 
 
 
 
 
Quantitative 3D petrography using X-ray tomography 4: Assessing glass inclusion textures with 
propagation phase-contrast tomography by AS Pamukcu, GAR Gualda, ML Rivers. © 2013 by 
Geosphere (a Geological Society of America journal). Reproduced with “Fair Use” permission 
of the Geologic Society of America. 
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CHAPTER 4 
 
 
MELT INCLUSION SHAPES: TIMEKEEPERS OF SHORT-LIVED GIANT MAGMA 
BODIES 
 
4.1. Introduction 
Deposits from ‘supereruptions’ suggest giant pools of magma (>450 km3) have accumulated in 
the crust multiple times throughout Earth’s history. Supereruptions have the potential to be 
devastating to human life and infrastructure, and understanding the development of these giant 
bodies is critical to our ability to prepare for such eruptions. The timescales over which such 
magma bodies accumulate is one key parameter to constrain, and considerable effort has been 
focused on this problem. Yet, no consensus has been reached and results vary widely depending 
on the method used (e.g. Bishop Tuff, zircon geochronology: 10
3
-10
6
 a, Reid and Coath 2000, 
Crowley et al. 2007; oxygen isotopes: 10
4
 a, Bindeman and Valley 2002; textures, diffusion 
chronometry, heat flow modeling: 10
3
 a, Gualda et al. 2012a). This discrepancy is partly because 
different ‘timekeepers’ in volcanic deposits record different timescales, and methods differ in 
how well they can resolve these timescales. However, recognition of short timescales by multiple 
methods suggests that the accumulation and eruption of these giant magma bodies may occur 
over extremely short timescales, and this conclusion is supported by the work presented here. We 
introduce here a new method that uses textures (sizes, shapes, positions) of melt inclusions 
hosted in quartz crystals to obtain time estimates. The power of the method is that it elucidates 
the time over which a magma existed as an eruptible melt-rich body, as opposed to its time as a 
crystal-rich uneruptible one, and we apply it to assess timescales in two supereruption deposits – 
the 26.5 ka Oruanui (central Taupo Volcanic Zone [TVZ], New Zealand; Wilson 2001) and the 
760 ka Bishop Tuff (California, USA; Wilson and Hildreth 1997). 
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As a magma body evolves, crystallization occurs and blebs of crystal-free magma (melt) can 
become trapped in crystals (melt inclusions). Melt inclusions record the passing of time by 
undergoing shape maturation Beddoe-Stephens et al.1983; Chaigneau et al. 1980; (Manley 1997) 
– changing from round to faceted– upon entrapment. Rounded melt inclusions are disequilibrium 
features, and over time equilibrium is approached as diffusion acts to fully facet them (develop 
the crystal shape of the host mineral). The ability for such a disequilibrium feature to be 
preserved in erupted material is a function of kinetics: diffusion of many elements at magmatic 
temperatures is fast relative to geologic time, but it essentially stops upon eruption and cooling. 
Consequently, the extent to which melt inclusions are in a state of disequilibrium can be used to 
quantitatively estimate timescales of crystallization and, more broadly, the overall longevity of a 
magma body.  
Quartz is a particularly useful mineral for such work because it is a major phase in many silicic 
rocks, the rate of melt inclusion faceting is only limited by the diffusion rate of Si in melt, and 
diffusion coefficients for Si in melt at relevant temperatures have been determined 
experimentally (Baker 1991). Previous work by Gualda et al. (2012a) used melt inclusion 
faceting in quartz to assess the longevity of the Bishop Tuff; however, they characterized shapes 
only qualitatively, using 2D sections or projections from optical microscopy. We employ 3D 
propagation phase-contrast x-ray tomography to image quartz crystals and their inclusions, 
which provides quantitative metrics for these textures (Pamukcu et al. 2013).  
In this work we: (a) test the faceting method by comparing faceting times and quartz growth 
rates derived using quantitative textural characterization from tomography with those from Ti 
diffusional relaxation in quartz crystals from the large paired Ohakuri-Mamaku eruptions (~100 
km
3
 total erupted volume; TVZ, New Zealand; Gravley et al. 2007; Bégué et al. in press), (b) use 
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rhyolite-MELTS modeling to assess the completeness of the time record preserved in quartz for 
crystallization of the giant Oruanui (~530 km
3
) and Bishop (~1000 km
3
) magma bodies, and (c) 
use melt inclusion textures to determine the longevity of and quartz growth rates in the Oruanui 
and Bishop systems.  
4.2. Methods 
We first selected ~80 quartz crystals containing melt inclusions from rhyolitic Ohakuri-Mamaku 
pumice clasts and imaged them with x-ray tomography on the GSECARS-13 bending magnet 
beamline of the Advanced Photon Source (APS) at Argonne National Laboratory (Chicago, IL), 
following the procedures of Pamukcu et al. 2013. After inspecting the resulting tomograms, we 
selected ~35 crystals to image for diffusion profiles. Each crystal was mounted individually in 
epoxy (c-axis vertical), sectioned to reveal melt inclusions, and imaged with CL on a scanning 
electron microscope (SEM). CL intensity has been suggested as a good proxy for Ti contents 
(Cherniak et al. 2007; Spear and Wark 2009; Gualda et al. 2012a; Leeman et al. 2012), and we 
verified this in a subset of our crystals by comparing our CL images with Ti maps obtained by x-
ray microprobe on the GSECARS-13 insertion device beamline at APS. We find that large 
variations in CL zoning, most relevant to diffusional relaxation time calculation, correlate well 
with Ti; in contrast, subtle variations that define fine oscillatory zoning do not correlate well with 
Ti (Figure 4.1). Given that the correlation in Ti and CL signal holds for our samples, and that 
imaging with CL on an SEM provides considerably better spatial resolution and faster analysis 
time than does the x-ray microprobe, we used variations in CL intensity to derive crystallization 
times. In CL imaging the incident electron beam energy constrains both the signal-to-noise ratio 
(better at higher energy) and the smoothing due to electron scattering within the sample (better at  
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Figure 4.1. Quartz zoning, faceting and diffusional relaxation times. (a) Titanium map of quartz 
crystal in (b). (b) CL image of crystal with times from faceting (black melt inclusions) and 
diffusional relaxation (boundary highlighted by white line). Red box indicates area characterized 
in (c). (c) Comparison of diffusion profiles obtained from CL images collected with varying 
beam energies. Dashed lines represent profile portion fit for timescales estimates (in yellow). 
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lower energy). We find that a 15 kV beam provides sufficient contrast and adequate spatial 
resolution for the timescales of interest (Figure 4.1). We also note that unexposed portions of 
melt inclusions can affect CL intensity, creating noticeably darker or lighter areas inconsistent 
with other zoning, and we avoided these in our analysis (Figure 4.2). Finally, in order to directly 
compare timescales from faceting with those from diffusion profiles, inclusions in the CL images 
were found in tomographic images and processed individually following the routines of 
Pamukcu et al. (2013). 
We calculate melt inclusion faceting times under the assumptions that (1) faceting is a constant-
volume process (i.e. the total volume of the inclusion does not change) and (2) transport is 
diffusion-limited. Thus, for a given inclusion, the faceting time is the time required to diffuse 
material in the inclusion to create the current shape from an initial ellipsoidal shape, and the 
volume that moves in this process is equal to the volume of the inclusion that sticks out of a best-
fit ellipsoid with the same total volume as the inclusion (Figure 4.3). While Gualda et al. (2012a) 
calculate the time for complete faceting (using as reference a hexagonal bipyramid – what we 
call ‘time to full faceting’), here we calculate faceting from an initially round state (represented 
by the best-fit ellipsoid) to the current state (as imaged using tomography). Faceting time is 
primarily controlled by the volume of material that moved (ΔV) and the diffusivity of silica in 
the melt, whose main control is temperature (T). Fully faceted inclusions record only minimum 
times, because an inclusion cannot continue to change shape after it is fully faceted; thus, 
partially faceted inclusions provide more meaningful time estimates, and we use somewhat 
conservative parameters to yield maximum estimates of faceting time. We calculate diffusional 
relaxation times using profiles derived from CL images. We use a 1D diffusion model and find 
the best fit error function, from which the diffusional length scale (L) is estimated. Time (t) is   
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Figure 4.2. CL images and tomogram slices of quartz crystal. (a, b) CL image and tomogram 
slice, respectively, of the same quartz crystal at approximately the same position in the grain. (c, 
d) CL images of a quartz crystal successively polished to expose occluded melt inclusion. 
Unexposed melt inclusions appear to affect CL intensity in some cases (dark inconsistent swaths, 
bright halos around melt inclusions). Times from faceting and diffusional relaxation are given in 
yellow. Scale bars = 200 μm.  
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Figure 4.3. Melt inclusion shape, position and derived growth rates. (A) 3D rendering of 
polyhedron representative of the shape of a melt inclusion. (B) Inclusion in (A) overlain with the 
best-fit ellipsoid of the same volume. ΔV is the volume of the inclusion that sticks out from this 
ellipsoid. (C) 3D rendering of melt inclusion within host crystal (shown by gray wireframe) and 
distance measured to nearest crystal face (shown in yellow). (C) Histogram of quartz growth 
rates determined from melt inclusions in Bishop and Oruanui samples. 
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calculated using the relationship t = DTiL
2
/4, where DTi is the diffusion coefficient of Ti in quartz 
(see Gualda et al. 2012a for details). We assume that profiles are initially step functions, so 
resultant times are maximum estimates. Fe-Ti oxide temperatures suggest the Ohakuri and 
Mamaku magmas crystallized at 780 °C (Deering et al. 2010, Bégué et al. in press), which we 
use for T and to calculate DSi and DTi (Baker 1991; Cherniak et al. 2007) . Errors on our 
calculated times are 125% for faceting and 200% for diffusion profiles (Gualda et al. 2012a). 
With these methods we can also obtain growth distance (i.e. distance between inclusion or zone 
boundary and edge of crystal; Figure 4.3), such that we are also able to calculate crystal growth 
rates. Direct comparison of crystallization times and growth rates from the two methods is 
straightforward because measurements for both were made on the same crystals (e.g. Figure 
4.2a, b) 
4.3. Results and Discussion 
Of the ~35 crystals selected for detailed analysis (Appendix A), 5 provided both fully enclosed 
inclusions for faceting analysis and appropriate zoning for diffusion profiles. For these crystals, 
results from the two methods are consistent within and between individual crystals, and both 
approaches suggest quartz in the Ohakuri and Mamaku magma bodies grew over short 
timescales (order 10
1
-10
2
 a; Figure 4.1, Figure 4.2 Appendix B). Resulting growth rates from 
both methods are ~10
-12
 m/s (Appendix B), one to two orders of magnitude faster than those 
determined for quartz in the Bishop Tuff (Gualda et al. 2012a) and feldspar in Mount St. Helens 
dacites (Cashman 1988, 1992). The consistency between the two methods (Figure 4.2, Appendix 
B) suggests that melt inclusion faceting times are robust for assessing crystallization timescales 
and growth rates.  
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Given these results, we utilize the faceting method to assess timescales of quartz crystallization 
in high-silica rhyolites from the Oruanui and Bishop Tuff supereruptions. Quartz may not be the 
first phase to crystallize in silicic magmas, and we use rhyolite-MELTS modeling (Gualda et al. 
2012b) to assess the fraction of the total crystallization time recorded by quartz. In the case of 
Oruanui, we ran simulations on average whole rock compositions from phase 10 (the final 
eruptive phase, Wilson 2001) pumice clasts. Results show that ~7 wt. % crystals (primarily 
plagioclase) would have crystallized before the onset of quartz crystallization. Assuming that 
heat loss is relatively constant, the change in enthalpy (ΔH) between the onset and end of 
crystallization can be used as a relative measure of time. A total ΔH of -21 J/g is released 
between plagioclase and quartz saturation, followed by another -19 J/g released until 15 wt. % 
crystals (maximum crystallinity in Oruanui pumice, Wilson 2001) have formed. This suggests 
that quartz crystallization times may underestimate the longevity of the Oruanui system by no 
more than a factor of two (Figure 4.4). The case for the late-erupted Bishop Tuff is similar 
(Gualda et al. 2012b), while early-erupted Bishop Tuff, simulations suggest it was saturated in 
quartz and two feldspars from the outset (Wark et al. 2006; Gualda et al. 2012b); thus, quartz 
crystallization times represent the entire duration of this portion of the magma body. 
Consequently, at most, quartz timescales underestimate the longevity of both systems by a factor 
of two.  
We analyzed a total of 110 melt inclusions from fifteen eruptive phase 10 (ORN-067) and five 
eruptive phase 1 (P1577) Oruanui crystals (all airfall; eruptive phase names from Wilson 2001) 
and 252 melt inclusions from thirteen early-erupted (BB08: airfall units F6/F7, F8-15: airfall unit 
F8, BC17: ignimbrite unit Ig2E; unit names of Wilson and Hildreth 1997) Bishop crystals. 
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Figure 4.4. Rhyolite-MELTS simulation of average whole-rock phase 10 Oruanui pumice. The 
enthalpy change that occurs between the onset of feldspar and quartz crystallization and the total 
crystal contents differs by a factor a two, suggesting quartz crystallization times underestimate 
the longevity of the Oruanui system by this amount. 
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We analyzed a total of 110 melt inclusions from fifteen phase 10 and five phase 1 Oruanui 
crystals, and 252 melt inclusions from thirteen early-erupted Bishop crystals. We use 
temperatures of 770 °C (Allan et al. 2013) and 750 °C (Cherniak et al. 2007) for the Oruanui and 
Bishop, respectively. In both systems a number of small inclusions are fully faceted, or nearly so, 
but many of the larger inclusions are partially faceted and give timescales on the order of 10
2
 a 
(Figure 4.5, Appendix D). Oruanui inclusions show a narrower spread than those from Bishop, 
with times less than 300 a for all but a few inclusions. Calculated growth rates from melt 
inclusion positions are impressively similar in both systems and comparable to those calculated 
for the Ohakuri-Mamaku, with a near-normal distribution peaking around 10
-11.5
-10
-12.5
 m/s 
(Figure 4.3, Appendix C). The consistency of the results, both between samples and methods, 
suggests that a growth rate of ~10
-12
 m/s is appropriate for quartz in various large to giant 
systems.  
In all three of the systems studied here the resultant crystallization timescales are strikingly short, 
with most inclusions suggesting times of 10
1
-10
2
 a, at most 10
3
 a. Considering the errors on these 
estimates, which are conservative, maximum estimates from these inclusions do not exceed 2 ka. 
This is consistent with crystal textures: using our most conservative growth rate of 10
-12.5
 m/s, a 
quartz crystal of 2 mm diameter would grow in ~100 a. Even allowing for a 100% error on the 
growth rates (errors on measured growth distances are likely much smaller than the errors on 
crystallization times, such that the latter dominate the errors on calculated growth rates), crystal 
growth times for a 2 mm crystal would be <200 a. Given that such large crystals are not common 
in these rocks, this analysis is commensurate with the suggestion of centennial timescales for the 
crystallization of these magma bodies.  
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Figure 4.5. Melt inclusion faceting times for (top) Oruanui and (bottom) Bishop quartz crystals. 
Inclusions on the ‘Fully faceted’ line have achieved a complete negative crystal shape and give 
minimum faceting times. The time required to fully facet is calculated relative to a hexagonal 
bipyramid and is a function of the melt inclusion size. The time to the observed shape is 
calculated using the ΔV obtained by image processing. Errors are ~125%. 
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4.4. Conclusions 
These results are in stark contrast to those from some thermal models, which broadly suggest that 
giant crystal-poor silicic magma bodies accumulate over >10
5
 a (e.g. Gelman et al. 2013). For 
the Bishop Tuff, our results are in contrast to those from some zircon geochronology studies and 
oxygen isotope work, which suggest this magma body persisted for 10
4
-10
6
 a. Yet, other prior 
work also suggests much shorter timescales for the Bishop Tuff (10
3
 a; Crowley et al. 2007; 
Gualda et al. 2012a). What our results suggest is that even these shorter timescales may be 
maximum bounds, with crystallization more likely taking place on centennial timescales. In the 
case of Oruanui, our estimates are consistent with those from zircon geochronology, which 
suggest ≤ 3 ka (Wilson et al. 2006), and diffusion profiles in orthopyroxene, which show 
accumulation of the Oruanui magma body began at most 1.6 ka before eruption, but peak 
accumulation rates most likely occurred sometime closer to 250-500 a (Allan et al. 2013). 
Given the results of our rhyolite-MELTS modeling, we suggest that the short timescales recorded 
in melt inclusion textures in Oruanui and Bishop quartz represent the timescales over which 
these giant, crystal-poor high-silica rhyolite magma bodies accumulated, evolved, and erupted. 
The longer timescales recorded in some zircon crystals and suggested by some thermal models 
may represent a longer history of mushy root zone development, solidification and partial 
melting events, and priming of the crust that allows for the eventual accumulation of 
supereruptive magma bodies (Cooper and Kent 2014). The centennial timescales derived here, in 
contrast, reflect the unstable condition of crystal-poor, buoyant magma parcels residing in the 
shallow crust. 
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CHAPTER 5 
 
 
PHASE-EQUILIBRIUM GEOBAROMETERS FOR SILICIC ROCKS BASED ON 
RHYOLITE-MELTS. PART 3: APPLICATION TO THE PEACH SPRING TUFF (ARIZONA-
CALIFORNIA-NEVADA, USA) 
 
5.1. Introduction and Background 
The compositional evolution of magmas and the processes involved in driving volcanic eruptions 
are strongly influenced by the depth at which magmas reside, and constraining these depths is a 
major goal in igneous petrology. Understanding the evolution and eruption of high-silica 
rhyolites is of particularly critical importance because they are the primary magma type involved 
in giant, violent, and destructive supereruptions, and recent work suggests that these magmas, 
and the processes that create them, are relegated to the upper crust (e.g. Bachmann and Bergantz 
2004, Gualda and Ghiorso 2013). This highlights the need for geobarometers that allow for 
identification of not only broad crustal locations of magmas (upper, middle, lower) but also small 
pressure variations within these horizons. Yet, effectively and precisely estimating pressure and 
depth is clearly a considerable challenge, as the development and refinement of useful 
geobarometers has been a pursuit of petrologists for decades (see review by Anderson et al. 
2008).  
Much of the geobarometry work to date has focused on teasing out pressure information from 
compositional records in mineral phases, particularly amphibole (see Anderson et al. 2008). 
Amphibole has been touted as a potential source of pressure and temperature information for 
igneous and metamorphic rocks because: (a) it is common, though not ubiquitous, in these rocks, 
and (b) a number of specific substitutions in its structure are sensitive to pressure and 
temperature variations (Figure 5.1). Early formulations of an amphibole geobarometer (e.g.
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Figure 5.1. Plots of pressure-, temperature-, and plagioclase-dependent cation subsitutions in 
amphiboles from Peach Spring high-silica rhyolites (recalculated using the 13eCNK method of 
Robinson et al. 1982). Table at top shows cation substitutions in amphibole structure known to 
be sensitive to fluctuations in temperature, pressure, or composition of co-crystallizing 
plagioclase. 
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Hammarstrom and Zen 1986, Johnson and Rutherford 1989, Schmidt 1992) are empirical or 
experimental calibrations that require a phase assemblage of quartz + plagioclase + alkali 
feldspar + amphibole + biotite + sphene + ilmenite or magnetite to ensure the system is buffered. 
These formulations are simple equations based solely on total Al contents of amphibole; 
however, work by Blundy and Holland (1990) suggests that total Al contents are affected by both 
pressure and temperature, such that using Al alone to estimate pressure could result in 
considerable errors. A recalibrated amphibole geobarometer by Anderson and Smith (1995) takes 
this temperature effect into account, and use of this formulation with the pressure-dependent 
amphibole+plagioclase geothermometers of Holland and Blundy (1994) has been a preferred 
approach for assessing crystallization pressures and temperatures.  
Yet, these geobarometers have been calibrated for use with a specific mineral assemblage, such 
that their application is restricted to rocks that not only contain amphibole but also have the 
appropriate crystallizing assemblage. Moreover, the multi-phase formulations (e.g. amphibole-
plagioclase geobarometry) require that the relevant phases were in equilibrium with each other 
during crystallization, further restricting application to specific cases where this constraint is met. 
Recently, in an attempt to extend amphibole geothermobarometry to a wider suite of rocks, 
Ridolfi et al. (2010) and Ridolfi and Renzulli (2012) investigated amphibole stability relations in 
melt-bearing systems. Their efforts have resulted in amphibole-only calibrations that are 
applicable to a wider range of melt compositions (calc-alkaline and alkaline systems); however, 
they are still empirical in nature and do not account for the effects that other minerals present in 
the equilibrium crystallizing assemblage have on amphibole composition. 
In recent years there has been growth in the use of phase-equilibria to garner pressure 
information for silicic systems. These geobarometers capitalize on the fact that in haplogranitic 
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and natural systems the quartz-feldspar cotectic shifts towards higher silica with decreasing 
pressure (Tuttle and Bowen 1958; Johannes and Holtz 1996; Blundy and Cashman 2001; Holtz 
et al. 2001; Gualda et al., 2012). The position of the quartz-feldspar cotectic has been determined 
experimentally for a range of pressures, and the haplogranitic projection scheme of Blundy and 
Cashman (2001) provides a means to relate whole-rock or glass compositions to the position of 
the cotectic. In addition, this relationship between the position of the cotectic and pressure means 
that the silica content of melts in equilibrium with quartz and feldspar is constrained by pressure.  
Recently, Gualda and Ghiorso (2013) showed that, given this relationship alone, the SiO2 
contents of a melt (now glass) in equilibrium with quartz and feldspar can be used to obtain 
broad pressure estimates. 
The development of rhyolite-MELTS, however, has provided an alternative and more precise 
method for estimating pressures with phase-equilibria. Rhyolite-MELTS is a modified 
calibration of the MELTS phase-equilibria modeling software that better calculates the position 
of the quartz-feldspar saturation surface. Indirectly, rhyolite-MELTS can provide pressure 
information when simulations are projected on to the haplogranitic ternary (Gualda et al. 2012b); 
however, in part 1 of this series, Gualda and Ghiorso (revised) detailed a new method by which 
rhyolite-MELTS is used directly as a geobarometer. The premise for the rhyolite-MELTS 
geobarometer lies in the following observations: (1) the composition of matrix glass or melt 
inclusions – not the whole rock composition – is the composition of the melt that was in 
equilibrium with the crystallizing assemblage at the time that the melt was quenched (matrix 
glass) or entrapped (melt inclusions); (2) the phases crystallizing at any given point are 
simultaneously saturated at the same temperature, and that temperature is the liquidus 
temperature for a melt of that composition; (3) in systems crystallizing quartz and feldspars, 
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saturation of these phases is constrained by pressure. Consequently, the pressure at which a melt 
of a given composition is simultaneously saturated in quartz and one or two feldspars at the 
liquidus temperature must be the crystallization pressure. Thus, for a given melt (glass) 
composition, we use rhyolite-MELTS to calculate the saturation curves for all crystallizing 
phases as a function of temperature over a range of pressures. Results are then processed to find 
the pressure at which that melt becomes simultaneously saturated in quartz and one or two 
feldspars.  
We apply this new method to estimate crystallization pressures of the giant Peach Spring Tuff 
(e.g. Young and Brennan 1974, Glazner et al. 1986, Sherrod and Nielson 1993), which erupted 
~18.8 Ma from the Silver Creek caldera (Ferguson et al. 2013) and deposited over a >32,000 
km2 area around the junction of Arizona, California, and Nevada (USA). The Peach Spring Tuff 
is comprised of ~1,000 km3 of outflow high-silica rhyolite (74-76 wt. % SiO2), outflow low-
silica rhyolite (70-73 wt. % SiO2), and intracaldera trachyte (65-69 wt. % SiO2). Pumice clasts 
from the high-silica rhyolites are characterized by low crystal contents (3-13 wt. %) and a 
phenocryst assemblage of sanidine + plagioclase ± quartz + amphibole + biotite + Fe-Ti oxides 
(magnetite, ilmenite) + an unusual abundance of accessory minerals (sphene, zircon, allanite, 
chevkinite, apatite). Phenocrysts in the high-silica rhyolites are euhedral, unzoned, and do not 
show any signs of resorption, making them ideal for geothermobarometry. Low-silica rhyolites 
and intracaldera trachytes are characterized by nearly the same mineral assemblage as high-silica 
rhyolites (clinopyroxene is relatively common in trachytes), but typically have higher crystal 
contents; many crystals also show evidence of resorption, and geothermometry suggests that 
these portions of the magma body were affected by a late-stage thermal event (Pamukcu et al. 
2013). 
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In this work, we apply the rhyolite-MELTS geobarometer to the high-silica rhyolite portion of 
the Peach Spring magma body. We compare these results to those from other phase-equilibria 
geobarometers, including previous estimates from haplogranitic projection geobarometry 
(Gualda et al. 2012b) and new estimates from glass silica contents. The Peach Spring Tuff also 
provides an excellent opportunity to evaluate the effectiveness and precision of rhyolite-MELTS 
geobarometry against amphibole geobarometry because it has the appropriate phenocryst 
assemblage for using these geobarometers.   
5.2. Materials and Methods 
5.2.1. Samples 
Samples used in this study (Table 5.1) were collected either from basal surge deposits (Layer 1 
and sublayers 1a1 and 1a2 of Valentine et al. 1989; McCracken et al. 2012) or high-silica 
rhyolite outflow deposits (Layer 2, Valentine et al. 1989). All samples are pumice clasts, and 
Layer 2 samples were collected from the Kingman, AZ location of Pamukcu et al. (2013).  All 
Kingman samples that have been studied previously (Table 5.1: KPST, 1A-C, 2A-B; e.g. 
Colombini et al. 2011, Gualda et al. 2012b, Pamukcu et al. 2013) have similar whole-rock 
compositions (Pamukcu et al. 2013). Feldspar and amphibole crystals were separated from two 
additional pumice clasts collected at the Kingman locality (KPST01K, KPST01N), but all 
feldspar and all but one amphibole crystal were analyzed from the same sample (KPST01K).   
5.2.2. rhyolite-MELTS geobarometry 
The input for the rhyolite-MELTS geobarometer is simply the glass composition of interest 
(matrix or inclusion), the pressure and temperature ranges to be investigated, and oxygen  
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Table 5.1. Locations and deposit layers for samples used 
Sample Name Location
a 
Deposit Layer
b 
   
SD01C
 N 35° 12’ 10.7” 
W 114° 5’ 51.3” 
Basal layer: 1a1 
   
SD02B 
N 35° 10’ 31.8” 
W 114° 3’ 50.7” 
Basal layer: 1a2 
   
SD11A 
N 35° 12’ 41.6” 
W 114° 3’ 18.8” 
Basal layer: 1a1 
   
SD12C 
N 34° 45’ 8.9” 
W 115° 8’ 38.5” 
Basal layer: likely 1a2 
   
SD12D 
N 34° 45’ 8.9” 
W 115° 8’ 38.5” 
Basal layer: likely 1a2 
   
SD05 
N 34° 59’ 18.2” 
W 114° 16’ 11.0” 
Basal layer: likely 1a2 
   
Kingman 
(KPST, 1A, 1B, 1C, 2A, 2B)
 
N 35° 11’ 19.2” 
W 114° 2’ 12.6” 
Outflow sheet: 2 
   
 
a 
GPS locations using NAD 83 
b 
Deposit Layer name follows the nomenclature of Valentine et al. (1982) 
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fugacity. We calculate the equilibrium assemblage for each temperature and pressure pair of 
interest, and then we search for the pressure at which simultaneous saturation of quartz and 
feldspar at the liquidus is obtained. Simultaneous saturation is considered to occur when the 
difference in the saturation temperature between the phases is ≤5 °C (Gualda and Ghiorso 
revised).We denote which phases are saturated at the liquidus using the following scheme: 
quartz+2 feldspars (sanidine and plagioclase) = Q2F, quartz+1 feldspar (highest temperature 
feldspar; i.e. first feldspar to saturate) = QF, quartz+plagioclase = QP, quartz+sanidine = QS, 
sanidine+plagioclase = SP. Importantly, the Q2F condition provides the best estimate on 
pressure, as saturation in increasing numbers of phases more tightly constrains the possible 
crystallization pressure; however, this condition should only be applied when evidence from 
petrography supports it. Readers are referred to the first part of this series (Gualda and Ghiorso 
revised) for more detail on the theory, process, and application of the rhyolite-MELTS 
geobarometer. 
We ran rhyolite-MELTS simulations on 182 high-silica rhyolite matrix glass compositions from 
Peach Spring pumice clasts (Appendix E). Glass compositions were determined at either The 
University of Tennessee (Knoxville), using a Cameca SX-100 EMP, or at Vanderbilt University 
(Nashville, TN), using an Oxford X-max 50 mm2 EDS attached to a Tescan Vega 3 LM Variable 
Pressure SEM. For EMP analyses, a defocused beam was used and Na was analyzed at the start 
of each analysis to reduce loss. The Kingman glass compositions analyzed by EMP are those 
used previously by Colombini et al. (2011) and Pamukcu et al. (2013). For SEM analyses, a 20 
kV accelerating voltage and beam intensity of 15 (resulting in 0.9 nA absorbed currents) were 
used; small areas were scanned for 60 seconds. For rhyolite-MELTS analyses, the range of 
temperatures and pressures investigated was 1000-700 ºC in 1 ºC steps and 25-400 MPa in 25 
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MPa steps. Results were processed following the approach outlined by Gualda and Ghiorso 
(revised) in the first part of this series. 
5.2.3. Amphibole geobarometry 
We obtained pressure estimates from three temperature-independent formulations of the 
amphibole geobarometer (Hammarstrom and Zen 1986, Johnson and Rutherford 1989, Schmidt 
1992), one temperature-dependent formulation (Anderson and Smith 1995), and two 
formulations of an amphibole-only geothermobarometer (Ridolfi et al. 2010, Ridolfi and 
Renzulli 2012). We garnered pressures (and temperatures) from the temperature-dependent 
geobarometer by simultaneously solving the barometric equation with three pressure-dependent 
amphibole-plagioclase thermometric equations (Blundy and Holland 1990, Holland and Blundy 
1994 – A, Holland and Blundy 1994 – B). We also obtained temperature estimates from these 
geothermometers using the pressures from temperature-independent geobarometers 
(Hammarstrom and Zen 1986, Johnson and Rutherford 1989, Schmidt 1992). The amphibole-
only geothermobarometers provide independent pressure and temperature estimates. Details of 
these formulations and their errors are included in Table 5.2. 
Amphibole and plagioclase compositions were determined with a Cameca SX-50 EMP at the 
University of Chicago (Chicago, IL).  A defocused beam (~15 μm) with 15 kV accelerating 
voltage and 25 nA current were used for analyses; Na was analyzed at the start of each analysis 
to reduce loss. Ten amphibole and two plagioclase crystals were selected for detailed analysis 
from Kingman outflow pumice clasts. For each crystal, we obtained ~10-15 core/interior 
analyses and ~10 edge analyses (Appendix F, Appendix G).  Given the similarity of plagioclase 
compositions, we opted to use an average plagioclase edge composition for the amphibole-  
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Table 5.2. List and description of the geobarometers and geothermometers used in this study. 
 Name Acronym Type 
Calibration 
Method 
Phenocryst 
Assemblage 
Error 
       
A
m
p
h
ib
o
le
 
Hammarstrom and 
Zen (1986) 
H & Z  
Temperature-
independent 
geobarometer 
Empirical 
plagioclase + alkali 
feldspar + quartz + 
amphibole + 
biotite + sphene + 
magnetite/ilmenite 
±300 MPa 
      
Johnson and 
Rutherford (1989) 
J & R 
Temperature-
independent 
geobarometer 
Experimental 
plagioclase + alkali 
feldspar + quartz + 
amphibole + 
biotite + sphene + 
magnetite/ilmenite 
±50 MPa 
      
Schmidt 
(1992) 
 
Temperature-
independent 
geobarometer 
Experimental 
plagioclase + alkali 
feldspar + quartz + 
amphibole + 
biotite + sphene + 
magnetite/ilmenite 
±60 MPa 
      
Blundy and Holland 
(1990) 
90 
Pressure-dependent 
geothermometer 
Semi-
empirical 
amphibole + 
plagioclase  
(in equilibrium) 
±75 °C 
      
Holland and Blundy 
(1994) 
94 – A  
94 – B 
Pressure-dependent 
geothermometer 
Semi-
empirical 
amphibole + 
plagioclase  
(in equilibrium) 
±40 °C 
      
Anderson and Smith 
(1995) 
A & S 
Temperature-
dependent 
geobarometer 
Empirical 
plagioclase + alkali 
feldspar + quartz + 
amphibole + 
biotite + sphene + 
magnetite/ilmenite 
±60 MPa 
      
Ridolfi et al. 
(2010) 
Ridolfi 2010 Geothermobarometer Empirical amphibole 
P+11-24% 
T+22.0 °C 
      
Ridolfi and Renzulli 
(2012) 
Ridolfi 2012 Geothermobarometer Empirical amphibole 
P+11.5% 
T+23.5 °C 
 
  
P
h
a
se
-e
q
u
il
ib
ri
a
 
Gualda and Ghiorso 
(revised) 
rhyolite-
MELTS 
Geobarometer 
Phase-
equilibria 
quartz +  
1 or 2 feldspars 
±20-25 
MPaa 
      
Blundy and 
Cashman (2001) 
haplogranitic 
ternary 
Geobarometer 
Phase-
equilibria 
quartz +  
1 or 2 feldspars 
±<50 MPa 
      
Gualda and Ghiorso 
(2013a) 
glass SiO2 Geobarometer 
Phase-
equilibria 
quartz +  
1 or 2 feldspars  
 
 
 
Hayden et al. 
(2008) 
Zr-in-sphene Thermometer Experimental  ±20 °C 
 
 
a rhyolite-MELTS errors vary depending on saturation condition applied (see Gualda and Ghiorso (revised) for details). 
Errors given here are for Q2F simulations. 
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plagioclase geothermometers (Appendix H, Figure 5.2). Amphibole formulas were recalculated 
using two methods: (1) For the amphibole geobarometers and the amphibole-plagioclase 
geothermometer, we used the method outlined by Holland and Blundy (1994); (2) For the 
amphibole-only geothermobarometers, we used the AMP-TB spreadsheet of Ridolfi et al. (2010), 
which recalculates amphibole formulas using the 13eCNK (13 total cations excluding Ca, Na, K, 
which excludes any Mn from the B sites) method of Robinson et al. (1982).  
It is important to establish that all the requirements for using the various amphibole 
geobarometers have been met, including: (1) presence of the appropriate crystallizing 
assemblage for a given calibration (Table 5.2); (2) evidence that amphibole and plagioclase 
compositions used for geothermometry were equilibrium compositions; and (3) confirmation that 
amphibole compositions fit within the range of experimental compositions used to calibrate the 
amphibole-only geobarometers.  
(1) We have used thin section and SEM reconnaissance to establish that all required phases 
for amphibole geobarometers are found in the Peach Spring high-silica rhyolites. 
Although quartz is sparse, we believe that it was growing at least at the time of 
amphibole edge growth and likely during core growth as well. Evidence for this includes: 
(a) a large (100s of µm), euhedral, concentrically zoned quartz grain found in the same 
sample as un-zoned amphibole and plagioclase crystals (Figure 5.3), and (b) rhyolite-
MELTS simulations that indicate the high-silica rhyolites were saturated in quartz at the 
time of eruption (Gualda et al. 2012b).  
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Figure 5.2. Compositions of feldspar crystals analyzed by EMP. Results show feldspars are 
homogeneous, both within and between crystals.  
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Figure 5.3. Quartz, amphibole, and feldspar phenocrysts in Peach Spring Tuff pumice. (a) 
Cathodoluminescence image of a large, euhedral quartz grain with concentric zoning. (b, c) EDS 
maps of large (b) amphibole and (c) plagioclase crystals located in the same pumice clast as the 
quartz crystal in (a). The amphibole crystal contains inclusions of other accessory minerals.  
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(2) The existence of touching amphibole and plagioclase crystals, or the inclusion of one 
phase within the other, is often taken as evidence of equilibrium growth of these phases. 
It is challenging to find touching crystals of major phases in the Peach Spring high-silica 
rhyolites, due to the low crystallinity of the pumice clasts, and neither phase typically 
hosts inclusions of the other. Nonetheless, we contend that the euhedral shapes, lack of 
reaction rims or other evidence of disequilibrium, and homogeneous compositions of  
growth, was contemporaneous (Figure 5.3, Appendix F, Appendix G). 
 
(3) Ridolfi and Renzulli (2012) explain that compositions of amphiboles should be roughly 
within the range of the experimental data they used for the calibration. Our amphiboles 
fall just outside this range (Mg contents are high; Table 5.3), but they are not so far afield 
as to be wholly unreasonable for application of the geothermobarometer. Nonetheless, 
this should be taken into account when considering results from these formulations.  
5.3. Results and Discussion  
5.3.1. Crystallization pressures and temperatures in the Peach Spring Tuff 
Amphiboles in Peach Spring high-silica rhyolites are homogeneous in composition, showing 
little in the way of pressure-sensitive cation substitutions within or between individual crystals 
(using 13eCNK formula recalculation method, Figure 5.1). Inter-crystal differences in the 
temperature-sensitive edenite substitution are evident in results using the Holland & Blundy 
(1994) formula recalculation method (Figure 5.4), but it is important to note that cation site 
allocations are highly sensitive to the formula recalculation method used, and errors propagate 
such that Na contents of the A-site are particularly prone to inaccuracy (e.g. Gualda & Vlach
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Table 5.3. Comparison of Peach Spring amphibole compositions with Ridolfi and Renzulli (2012) experimental amphiboles.
Dataset
a 
 SiO2 Al2O3 FeO MnO MgO K2O Na2O CaO TiO2 
  
         
Peach Spring 
(this work) 
Maximum 49.35 7.26 14.58 1.57 14.74 1.12 3.14 11.49 1.57 
Minimum 45.03 5.40 12.13 0.85 12.33 0.82 2.70 9.82 0.94 
           
Experimental 
(Ridolfi and Renzulli 2012) 
Maximum 47.90 15.90 16.90 6.40 18.00 0.60 3.10 12.40 2.03 
Minimum 38.80 7.00 5.90 1.10 9.70 0.10 1.30 9.90 0.10 
Maximum σb 0.91 0.77 1.02 0.68 0.91 0.15 0.21 0.66 0.12 
  
         
 
a
 Analyses normalized to 100% anhydrous 
b Maximum σ: maximum standard deviation of Ridolfi et al. (2012) dataset 
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Figure 5.4. Plots of pressure-, temperature-, and plagioclase-dependent cation subsitutions in 
amphiboles from Peach Spring high-silica rhyolites (recalculated using the method of Holland 
and Blundy 1994). See also Figure 5.1. 
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2005). Furthermore, only one of the crystals (KPST01K2_2) shows any substantial intra-crystal 
compositional variation (and only when using the method of Holland and Blundy (1994); Figure 
5.4). The small range of compositions observed between and within samples suggests that 
estimates of pressure, and likely temperature, should fall into tightly constrained ranges. 
Furthermore, we do not expect to find large intra- or inter-crystal variations in pressures and 
temperatures derived from amphibole geothermobarometry. 
Of the 182 glass compositions run with the rhyolite-MELTS geobarometer, 155 simulations gave 
pressure estimates (saturated in at least two phases; Figure 5.5, Appendix I). Projection of Peach 
Spring whole rock and matrix glass compositions on the haplogranitic ternary by Gualda et al. 
(2012) suggest the high-silica rhyolites were saturated in quartz, sanidine, and plagioclase at the 
time of eruption, and the presence of large euhedral quartz precludes quartz saturation just prior 
to eruption. Consequently, we deem the Q2F condition appropriate for our analysis. Applying 
this condition reduces the number of pressure estimates to 27. Results from all successful runs 
(Figure 5.5, Appendix I) give a total pressure range that is extremely large and quite 
unreasonable (58-498 MPa), but that range is greatly reduced, and much more reasonable, when 
only Q2F results are considered (158-262 MPa; average: 214 MPa). Amongst the Q2F results 
there are a few clear outliers, and a trend towards lower pressure values. Importantly, the 
pressures obtained here are from matrix glass, which can evolve during eruptive decompression; 
thus, the lower pressures values and the overall trend in this direction likely record 
decompression-related changes in the composition (particularly SiO2 content) of the melt. As 
such, we instead consider the analyses that cluster most tightly as most likely to record the 
residence pressure of this magma; this causes the range of pressures to be even more tightly  
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Figure 5.5. Plot of successful simulations from the rhyolite-MELTS geobarometer. The highest 
temperature feldspar (QF) is typically sanidine (Appendix I). Light gray areas highlight pressure 
and SiO2 contents of Q2F results. Dark gray areas highlight pressure and SiO2 contents of the 
main cluster of Q2F results (see text for details). 
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constrained (185-230 MPa) and suggests that, overall, the Peach Spring magma resided at a 
pressure closer to ~200-225 MPa.  
These results fit with the general expectation from the homogeneity of amphibole compositions 
that the high-silica rhyolites crystallized over a small range of pressure. In addition, silica 
contents of glasses (76.4-77.3 wt. % SiO2) plotted on the SiO2 vs. pressure diagram of Gualda 
and Ghiorso (2013) roughly suggest that pressures of ~225-275 MPa should be expected for the 
Peach Spring; in fact, rhyolite-MELTS Q2F pressures and SiO2 contents fit well within the trend 
suggested by other large silicic systems, with an average of 220 MPa (Gualda and Ghiorso 2013; 
Figure 5.6). These results are also consistent with the 250 (±50) MPa crystallization pressures 
determined previously for Peach Spring high-silica rhyolites using haplogranitic projection of 
whole-rock and glass compositions (Gualda et al. 2012b), although our results do range to lower 
pressures. 
Comparison of rhyolite-MELTS pressures with those from amphibole geobarometry shows less 
consistency. Results from amphibole geobarometry for both the entire dataset (pooled cores, 
interiors and edges) and separated groups (cores+interiors, edges) can be found in Figure 5.7, 
and results for individual analyses can be found in Appendix H. Average pressures from the 
temperature-independent and temperature-dependent amphibole geobarometers span a wide 
range, and each individual geobarometer shows considerable variance. Average pressures from 
the combination of Anderson and Smith + Blundy and Holland (1990) or Holland and Blundy 
(1994) – B are most consistent with those from rhyolite-MELTS geobarometry; however, these 
combinations give some of the largest pressure ranges of all the geobarometers.  
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Figure 5.6. SiO2 versus pressure plot (after Figure 3 of Gualda and Ghiorso 2013a). (a) Star 
represents expected broad pressure range for the Peach Spring Tuff high-silica rhyolites, given 
the silica contents of successful Q2F glasses and the trend suggested by other large silicic 
systems. (b) Silica contents vs. rhyolite-MELTS pressures for successful Q2F glasses fall 
precisely along the trend suggested by other large silicic systems.  
86 
 
 
Figure 5.7. Average (circles and squares), maximum, and minimum pressure estimates from 
amphibole and phase-equilibria geobarometers. Geobarometer acronyms are listed in Table 5.2. 
Range from rhyolite-MELTS geobarometry is highlighted by the light gray bar.  
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Johnson & Rutherford (1989) note that crystallization of amphibole with aSiO2 < 1 (i.e. quartz-
undersaturated conditions) in the melt will result in higher aAl2O3 in the melt, such that the total 
Al contents of crystallizing amphiboles will be higher and their geobarometer (and ostensibly 
others calibrated using total Al contents) will yield anomalously high pressures. Interestingly, for 
our samples, temperature-independent geobarometers do not give considerably higher average 
pressures than phase-equilibria geobarometers, as would be expected if quartz was not co-
crystallizing with amphibole. In fact, in most cases average pressures from these geobarometers 
are lower than those suggested by phase-equilibria formulations (Figure 5.7, Appendix H), 
suggesting a lack of quartz in the phase assemblage during amphibole growth (i.e. inappropriate 
application of the amphibole geobarometer) is not the source of the discrepancy.   
The amphibole-only calibrations of Ridolfi et al. (2010) and Ridolfi and Renzulli (2012) are 
strikingly different from each other and from all the other geobarometers we tested (Figure 5.7, 
Appendix H). Pressure estimates from the Ridolfi et al. (2010) calibration span a small range and 
give an average pressure that is well below that suggested by any of the other geobarometers (98 
MPa). In turn, estimates from the new calibration (Ridolfi and Renzulli 2012) are extremely 
high, quite variable, and seemingly unreasonable for the generation of high-silica rhyolites (387-
964 MPa, average: 517 MPa). Upon inspection of these results, we find that the high pressures 
we obtain are due to the fact that our final pressure is an average of two pressures calculated by 
the Ridolfi and Renzulli (2012) method, one of which is typically quite high. This averaging 
follows from the instructions for use of the geobarometer by Ridolfi and Renzulli (2012) and 
occurs because our APE values are all >50%; these high APE values may be due to the fact that 
our amphibole compositions lie just outside the range of experimental compositions used in the 
calibration (F. Ridolfi, personal communication). If the pressure value that results when APE 
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<50% is considered, a much lower and more reasonable pressure is obtained (101-165 MPa, 
average: 124 MPa), but this value is still considerably lower than those suggested by other 
amphibole and phase-equilibria geobarometers.  On the whole, the very slight discrepancy in our 
compositions and the experimental compositions and the very large discrepancy in pressure and 
temperature results suggest that these formulations, particularly the most recent one, may not be 
as useful or reliable as other methods for estimating pressures of high-silica rhyolite magmas. 
Temperatures obtained using the various amphibole geothermometers are also highly variable 
(Figure 5.8, Appendix H). Crystallization temperatures for high-silica rhyolites were determined 
previously using Zr-in-sphene geothermometry (average temperature: 769±20 °C) and rhyolite-
MELTS modeling (nearly invariant temperature: 742 °C). Rhyolite-MELTS is thought to 
overestimate crystallization temperatures by ~40 °C (Gualda et al. 2012b; Gardner et al. revised). 
As such, the similarity found here between the temperature estimates from rhyolite-MELTS and 
Zr-in-sphene geothermometry suggests that sphene temperatures may be overestimates as well. 
Regardless, even taking this potential overestimation into account, amphibole geothermometry 
gives temperatures that are generally inconsistent with these independent estimates and range 
from 280 to 1519 °C, depending on the calibration used. Average temperatures for the entire 
dataset are either considerably higher (temperature-independent pressures + Blundy and Holland 
1990, Ridolfi formulations) or lower (all other combinations) than other estimates. Similar to the 
pressure results, the average temperatures obtained using the Anderson and Smith (1995) 
calibrations are most similar to the previous estimates (613-712 °C), but they do still give a 
significantly large range (319-886 ºC). 
Overall, despite the fact that the average pressures given by amphibole geobarometers are within 
the range of those suggested by phase-equilibria methods, it is concerning that the results from  
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Figure 5.8. Average (circles and squares), maximum, and minimum temperature estimates from 
amphibole and Zr-in-sphene geothermometry. Geobarometer and geothermometers acronyms 
can be found in Table 5.2. Average temperatures from amphibole are generally higher or lower 
than those from Zr-in-sphene geothermometry and the rhyolite-MELTS invariant temperature 
(highlighted by gray bar) and span a significant range. Maximum and minimum ranges that are 
not visible are smaller than the symbol (e.g. Zr-in-sphene).  
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most of the formulations vary so wildly.  In general, we find poor agreement between the various 
calibrations, although average pressures from nearly all geobarometers do suggest depths within 
the upper crust. As such, the application of these geobarometers to constrain small pressure 
variations within the upper crust appears somewhat problematic; however, most are likely still 
appropriate for distinguishing broad crustal depths.  Similarly, temperatures from the various 
amphibole geothermometers (excluding Ridolfi et al. 2010) give strikingly large ranges, and 
results are generally inconsistent with those suggested from sphene geochemistry and rhyolite-
MELTS modeling. Of course, we cannot rule out the possibilities that the phenocryst assemblage 
(i.e. lack of quartz during amphibole crystallization; Johnson and Rutherford 1989) and 
amphibole compositions (i.e. amphibole compositions do not fit within the range of compositions 
used in the Ridolfi et al. 2010 and Ridolfi and Renzulli 2012 calibrations; F. Ridolfi personal 
communication) affected the efficacy of these geobarometers and geothermometers; however, 
the fact that most natural examples will suffer from small departures from the ideal calibration 
conditions does make it challenging for amphibole+plagioclase geothermobarometery to be as 
broadly applicable as is needed.  
In comparison, rhyolite-MELTS pressures are tightly constrained and comparable with those 
from other phase-equilibria geobarometers. They are also largely consistent with average 
pressures derived from the temperature-dependent amphibole geobarometers. On the whole, 
these similarities suggest that rhyolite-MELTS pressures are robust and that the geobarometer is 
reliable for assessing crystallization pressures of high-silica rhyolite magma bodies. This is a 
particularly exciting result because the rhyolite-MELTS geobarometer can be applied more 
readily than amphibole geobarometers, as requirements for its use are considerably less stringent. 
Furthermore, it successfully weeds out problematic analyses, such that the results are more 
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precise (see Glass Compositions below). Consequently, this geobarometer may allow for 
pressure estimates for a wider suite of upper crustal rocks than have been available to amphibole 
geobarometry.  
The consistency of our rhyolite-MELTS pressures with those from other geobarometers also 
suggests that we are effectively homing in on the crystallization pressure of the Peach Spring 
system. These results suggest the high-silica rhyolite portion of the Peach Spring magma body 
equilibrated at ~200 MPa, consistent with the idea that production of high-silica rhyolite magma 
bodies requires pressures consistent with shallow upper-crustal depths (see Gualda & Ghiorso 
2013).   
5.3.2. Glass Compositions 
Many of the glass compositions used in our rhyolite-MELTS simulations failed to yield a 
pressure estimate using the Q2F condition. Given the petrographic evidence for saturation in 
quartz and two feldspars, this suggests an underlying problem with the glass compositions used. 
While analytical problems might partly explain the discrepancy, compositions analyzed using 
different labs and different techniques are similar and span generally the same compositional 
range. Close inspection of the dataset reveals that analyses that do yield successful Q2F 
pressures are characterized by tightly constrained Na2O (3.29-3.78 wt. %) and K2O (5.20-5.51 
wt. %) contents (Figure 5.9, Appendix I), which is a very small range compared to the total range 
observed (1.69-3.78 wt. % Na2O, 5.20-7.49 wt. % K2O).  This suggests that many Peach Spring 
glass compositions are potentially affected by alkali exchange after eruption. Major element 
plots of all the glass analyses used with the rhyolite-MELTS geobarometer show broad trends 
pointing towards the high Na/low K compositions that were successful (Figure 5.10), suggesting  
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Figure 5.9. Pressure vs. (top) Na2O and (bottom) K2O for the 155 successful simulations using 
the rhyolite-MELTS geobarometer. Na and K contents of successful Q2F simulations are tightly 
constrained. Light gray areas highlight pressure and Na2O or K2O contents of Q2F results. Dark 
gray areas highlight pressure and Na2O or K2O contents of the main cluster of Q2F results.  
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Figure 5.10. Na2O vs. (top) K2O and (bottom) A/CNK of glass compositions used for rhyolite-
MELTS geobarometry. Results fall on a trend pointing towards the low Na/high K values that 
were successful with rhyolite-MELTS geobarometry, and suggests that many of the PST glasses 
suffered from post-eruptive alkali exchange. 
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that the low Na/high K contents of many of the glasses are not representative of magmatic 
compositions. In particular, the compositions that yield Q2F pressures all have A/CNK values 
close to 1, while many of the low Na/high K analyses have A/CNK values that are clearly higher 
than 1 (Figure 5.10). The phenocryst assemblage of the Peach Spring Tuff (including hornblende 
and sphene) is the hallmark of metaluminous magmas, such that a wide range of compositions 
excluded by the rhyolite-MELTS geobarometer show independent evidence of post-eruptive 
alteration.  
From this analysis we can ascertain three important points. First, obtaining many glass analyses 
can help elucidate (a) if alteration has occurred and (b) roughly what the “correct” unaltered 
composition of the glass is likely to be. In the case of the Peach Spring, this analysis results in 
clear trends towards ranges of 3.5-3.8 wt. % Na2O and 5.1-5.3 wt. % K2O, which are extremely 
close to those described by the majority of successful Q2F analyses (Figure 5.9).This result is 
also similar to that of Hildreth and Wilson (2007), who conclude that Na2O contents of <2.8 or 
>3.8 wt.% in Bishop Tuff whole-pumices are likely due to Na loss or gain during secular 
hydration (see their Figure 8). 
Second, it becomes clear that Gualda et al. (2012b) used rock compositions in which altered 
glass is a major component in their tests of rhyolite-MELTS. In their work, simulations using 
Peach Spring high-silica rhyolite whole-rock compositions suggested crystallization of sanidine 
→ quartz → plagioclase, which is inconsistent with the petrographic observation that sanidine 
and plagioclase are ubiquitous, but quartz is rare (Gualda et al. 2012b). While it is relatively 
straightforward to determine the correct Na and K contents of glass, it is considerably more 
difficult to determine what a pristine whole-rock composition might be. The geochemical trends 
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observed are broadly consistent with direct exchange of Na and K during glass alteration (Figure 
5.10). Consequently, we ran rhyolite-MELTS simulations over a range of Na2O and K2O 
contents in an attempt to achieve the appropriate crystallization sequence and gain general 
information on the range of possible whole rock compositions. We varied Na2O and K2O 
contents of the initial whole-rock composition used by Gualda et al. (2012b) by exchanging 
Na2O for K2O (1:1 atomic exchange), so as to yield a suite of compositions with Na2O values in 
0.05-0.1 wt. % increments (Table 5.4). In these simulations, Na2O ranged from 2.72 wt. % (6.40 
wt. % K2O, normalized to 100% anhydrous) to 4.3 wt. %. The expected crystallization sequence 
(sanidine → plagioclase → quartz) was achieved over a small range of compositions (3.60-3.75 
wt. % Na2O, 4.89-5.12 wt. % K2O), and these compositions are consistent with the glass 
compositions deemed as pristine above (Table 5.4). Consequently, it appears that the use of an 
altered whole-rock composition was the cause for the mismatch between rhyolite-MELTS 
calculations and petrography observed by Gualda et al. (2012b); with an appropriate whole-rock 
composition, rhyolite-MELTS is successful in predicting the crystallization sequence for the 
Peach Spring Tuff. Interestingly, amongst the suite of whole-rock compositions available for the 
Peach Spring Tuff we do find an analysis with Na2O and K2O within the tightly constrained 
range calculated by rhyolite-MELTS, and simulations of this composition do give the expected 
crystallization sequence (range of compositions 3.60-3.7 wt.% Na2O; Table 5.4, Figure 5.11). 
Finally, the subtle variations described here indicate that rhyolite-MELTS is extremely sensitive 
to even slight alterations of glass compositions by natural processes or analytical issues. Many 
Peach Spring glasses are evidently altered, and the rhyolite-MELTS geobarometer does an 
excellent job of weeding out altered from pristine analyses. Many other methods for garnering 
pressure and temperature information do not have this capability – if incorrect data are inputted
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Table 5.4. Analyzed and adjusted Peach Spring whole-rock compositions run with rhyolite-MELTS. 
 
SiO2 TiO2 Al2O3 Fe2O3 FeO MnO MgO CaO Na2O K2O P2O5 Success? 
Kingman D
a
 75.53 0.20 13.15 0.00 0.96 0.07 0.20 0.75 2.72 6.40 0.03 N 
Run 1 75.56 0.20 13.15 0.00 0.96 0.07 0.20 0.75 2.80 6.28 0.03 N 
Run 2 75.60 0.20 13.16 0.00 0.96 0.07 0.20 0.75 2.90 6.13 0.03 N 
Run 3 75.64 0.20 13.17 0.00 0.96 0.07 0.20 0.75 3.00 5.99 0.03 N 
Run 4 75.67 0.20 13.17 0.00 0.96 0.07 0.21 0.75 3.10 5.84 0.03 N 
Run 5 75.71 0.20 13.18 0.00 0.96 0.07 0.21 0.75 3.20 5.69 0.03 N 
Run 6 75.75 0.20 13.19 0.00 0.96 0.07 0.21 0.75 3.30 5.55 0.03 N 
Run 7 75.79 0.20 13.19 0.00 0.96 0.07 0.21 0.75 3.40 5.40 0.03 N 
Run 8 75.83 0.20 13.20 0.00 0.96 0.07 0.21 0.75 3.50 5.25 0.03 N 
Run 9 75.85 0.20 13.20 0.00 0.96 0.07 0.21 0.75 3.55 5.18 0.03 N 
Run 10
b 
75.87 0.20 13.21 0.00 0.96 0.07 0.21 0.75 3.60 5.11 0.03 Y 
Run 11
b 
75.89 0.20 13.21 0.00 0.96 0.07 0.21 0.75 3.65 5.03 0.03 Y 
Run 12
b 
75.91 0.20 13.21 0.00 0.96 0.07 0.21 0.75 3.70 4.96 0.03 Y 
Run 13
b 
75.93 0.20 13.22 0.00 0.96 0.07 0.21 0.75 3.75 4.89 0.03 Y 
Run 14 75.95 0.20 13.22 0.00 0.96 0.07 0.21 0.75 3.80 4.81 0.03 N 
Run 15 75.98 0.20 13.23 0.00 0.96 0.07 0.21 0.75 3.90 4.67 0.03 N 
Run 16 76.02 0.20 13.24 0.00 0.96 0.07 0.21 0.75 4.00 4.52 0.03 N 
Run 17 76.06 0.20 13.24 0.00 0.96 0.07 0.21 0.75 4.10 4.38 0.03 N 
Run 18 76.10 0.20 13.25 0.00 0.96 0.07 0.21 0.75 4.20 4.23 0.03 N 
Run 19 76.14 0.20 13.26 0.00 0.97 0.07 0.21 0.75 4.30 4.08 0.03 N 
Kingman 
(Gaudio)
c 75.08 0.21 13.25 0.00 1.07 0.04 0.26 0.62 3.72 4.97 0.01 Y 
 
a 
Original whole-rock composition used in rhyolite-MELTS calibration ( Gualda et al. 2012b). 
b 
Adjusted compositions that achieve the expected crystallization sequence. 
c 
Available Peach Spring high-silica rhyolite whole-rock composition that has Na2O and K2O contents within the range suggested 
by the successful adjusted compositions and achieve the expected crystallization sequence. 
All compositions are normalized to 100% anhydrous. 
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Figure 5.11. rhyolite-MELTS simulations for the Kingman (Gaudio) whole-rock composition 
(Table 5.4). Simulations of this composition show the correct crystallization sequence (sanidine 
→ plagioclase → quartz), suggesting the Na2O and K2O contents of this sample have not been 
altered.    
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then incorrect results are also output (i.e. garbage in = garbage out). These methods then rely on 
the user to cull the dataset for problematic data and results. This is certainly good practice, but it 
leaves considerable room for error, especially when the issues are subtle, as is the case in some 
of the Peach Spring analyses. In contrast, when non-pristine data are input into rhyolite-MELTS 
no pressure estimate is obtained. Consequently, rhyolite-MELTS can effectively help cull 
datasets and refine the pristine glass compositions for a given system. 
5.4. Conclusions 
In this work, we applied the new rhyolite-MELTS geobarometer, described by Gualda and 
Ghiorso (revised) in Part 1 of this series, to assess the crystallization pressure of the high-silica 
rhyolite portion of the giant Peach Spring magma body. We also compared these results to those 
from amphibole geobarometry and other phase-equilibria geobarometers. We find that: 
(1) Cation substitutions in amphibole crystals suggest little-to-no pressure or temperature 
variation during crystallization of the Peach Spring high-silica rhyolites. 
 
(2) Pressure estimates from the rhyolite-MELTS geobarometer are consistent with those from 
other phase-equilibria geobarometers and the temperature-dependent formulation of the 
amphibole geobarometer. The similarity in these results suggests that the rhyolite-MELTS 
geobarometer is an effective method for assessing crystallization pressures of high-silica 
rhyolites and that the crystallization pressure of the Peach Spring high-silica rhyolites was 
~200-225 MPa.  
99 
 
(3) Average pressures suggested by the temperature-independent calibrations of the amphibole 
geobarometer and by the amphibole-only geothermobarometers are generally considerably 
higher or lower than estimates from the rhyolite-MELTS geobarometer.  
 
(4) Only a small subset of glass compositions from the Peach Spring Tuff high-silica rhyolites 
yield pressure estimates with the Q2F constraint, with a resulting tight pressure range of 185-
230 MPa. This result is consistent with amphibole cation substitutions. In turn, amphibole 
geobarometers generally produce much larger ranges of pressure, and the rhyolite-MELTS 
geobarometer seems more promising than amphibole geobarometry for exploring small 
pressure variations for upper crustal rocks. 
 
(5) Many of the glass compositions we used with the rhyolite-MELTS geobarometer failed to 
give results. Analysis of successful Q2F simulations shows that they are characterized by 
tightly constrained Na2O and K2O contents. Assessing glasses with varying degrees of 
alteration, as evident in their major element compositions, results in trends pointing clearly 
towards the high Na/low K contents of analyses yielding Q2F pressure estimates. As such, it 
is clear that these glass compositions have been affected by alkali exchange and that the 
rhyolite-MELTS geobarometer is an effective method for weeding out glass compositions 
affected by alteration or analytical problems and honing in on the broadly correct glass 
composition for a given melt. 
 
(6) The inability to model the crystallization sequence of Peach Spring rocks observed by 
Gualda et al. (2012b) stems from the use of altered whole-rock compositions (low Na, high 
K) in their calculations. We use rhyolite-MELTS to find compositions that would yield the 
appropriate crystallization sequence and find that calculated compositions are similar to other 
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existing whole-rock analyses from the Peach Spring Tuff. As such, it seems that the doubts 
cast by Gualda et al. (2012b) due to the Peach Spring Tuff calculations were largely 
unfounded. 
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CHAPTER 6 
 
 
THE ORUANUI ERUPTION (TAUPO VOLCANIC ZONE, NEW ZEALAND): A COMPLEX 
STORY OF ACCUMULATION AND ERUPTION OF MULTIPLE SHORT-LIVED MAGMA 
BATCHES 
 
6.1. Introduction  
Two overarching goals of igneous petrology are to understand why some magmatic systems 
erupt but others do not and why some eruptions are giant and catastrophic while others are 
comparatively dinky. To achieve these broad goals requires a deep and detailed understanding of 
magmatic systems, such as their geometry in the crust, the conditions under which magmas 
reside, magma evolution and its drivers, and the role of open-system processes in the creation, 
evolution, and eruption of magmas. Of particular interest is the development of anomalous, 
giant, supereruption-forming systems, in part because they are rare in Earth’s history and have 
not been witnessed by humans, but they pose great risks to life, the environment, and 
infrastructure. 
The eruption of these large silicic systems (≥450 km3 of magma, Sparks et al. 2005; Self 2006) 
has commonly been estimated to be short (days – a year; Self and Blake 2008), and their deposits 
often show either surprising homogeneity or a clear inverse stratigraphy that is suggestive of a 
magma body with a less-evolved crystal-rich base underlying a more-evolved crystal-poor top. 
As such, the geometry of these giant systems within the Earth’s crust is commonly diagramed as 
a single (zoned or unzoned) vertically extensive magma body (e.g. Smith 1960, 1979; Lipman et 
al.1966; Hildreth 1981; Bachmann & Bergantz 2004). Some eruptions, however, do not fall into 
these categories, and the single magma body model is not as robust for trying to explain their 
field relations. To rectify this, some have invoked local heterogeneities in the magma body and 
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vent migration during eruption (e.g. Wilson et al. 2006), while others suggest that supereruptions 
are essentially comprised of the concurrent eruption of multiple laterally juxtaposed (or distant 
but dike-connected) independent magma bodies (e.g. Cooper et al. 2012). 
The longevity of giant magma bodies within the crust is another source of contention. For many 
years, zircon geochronology has been the primary method for obtaining timescale information, 
and results from this approach have routinely suggested long (order 10
5
-10
6
 a) accumulation 
timescales (e.g. Simon and Reid 2005; Reid 2008). Other methods, (e.g. oxygen isotopes, 
thermal modeling) have given similarly long times (Bindeman and Valley 2002; Gelman et al. 
2013). Yet, the recent recognition of shorter timescales (10
2
-10
3
 a), from zircon geochronology, 
thermal modeling, textural analyses, and geospeedometry, has called these long timescales into 
question. The discrepancy is, in part, due to little differentiation in the literature as to what 
timescales are actually being recorded and assessed by a given method – i.e., are the resulting 
timescales merely the record of the accumulation of the crystal-poor magma that is eventually 
erupted, or do they include the time required to develop the broader magmatic system (e.g. 
development of a crystal mush from which the erupted crystal-poor high-silica magma derives)? 
The Oruanui supereruption (26.5 ka, Taupo Volcanic Zone [TVZ], New Zealand) is a well-
studied eruption, but many outstanding questions remain. In this work we aim to add to the 
conversation on the development of the Oruanui magmatic system. We use rhyolite-MELTS 
geobarometry of matrix glasses and textural studies (melt inclusion faceting, crystal size 
distributions) to explore the geometry, longevity, and role of open-system processes in the 
development of the massive crystal-poor high-silica rhyolite that erupted in the most recent 
supereruption known on Earth. 
103 
 
6.2. Background 
6.2.1. The Taupo Volcanic Zone  
The TVZ is a NE-SW trending rifted arc zone in the North Island of New Zealand that is driven 
by the subduction of the Pacific plate beneath the North Island (Figure 6.1; Wilson et al. 1995). 
Andesitic cone volcanoes predominate on the northern and southern portions of the zone, while 
the central region of the TVZ has been dominated by large explosive caldera-forming silicic 
volcanism for the past ~1.6 Ma (see Wilson et al. 1995 for reviews). In this time, >6000 km
3
 of 
rhyolite has erupted from the central TVZ (Wilson et al. 1995).  
The Taupo Volcano (Figure 6.1), from which the Oruanui eruption occurred, overlies a large 
caldera formed by the 340-320 ka Whakamaru Group ignimbrites. The Whakamaru eruption 
marks the beginning of a 100 ka ignimbrite flare-up period in the central TVZ, during which 
>3000 km
3
 of silicic magma was erupted in at least seven caldera-forming events (Gravley et al. 
in preparation). Following this flare-up was an extended period of relative quiescence, during 
which time only small silicic eruptions are known to have occurred. The Oruanui eruption was 
the first, and remains the largest, caldera-forming eruption from the central TVZ since the end of 
this flare-up period. 
6.2.2. The Oruanui magmatic system 
6.2.2.1. The Oruanui eruption 
The Oruanui, erupted ~26.5 ka in the central TVZ, is the youngest known supereruption in 
Earth’s history (Wilson 2001). The Oruanui eruption was phreatomagmatic, erupting ~530 km3 
of magma, in the form of 430 km
3
 of fall, 320 km
3
 of pyroclastic density currents, and 420 km
3
  
104 
 
 
Figure 6.1. Map of the Taupo Volcanic Zone and the Oruanui structural caldera within the TVZ 
(top: after Bégué et al, in press, bottom: after Wilson et al. 2006). 
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of intracaldera material, through a ‘proto’-Lake Taupo (Self and Sparks 1978). The ~AD 186 
caldera-forming Taupo eruption, sourced from the same location (Wilson et al. 1980), and the 
subsequent infilling of Lake Taupo have hidden the Oruanui structural caldera beneath the 
present-day lake (Figure 6.1).  
Detailed stratigraphy of the Oruanui deposits has revealed ten eruptive phases, with only short 
hiatuses distinguished between them. Overall, the eruption is estimated to have occurred, at 
most, over a matter of months (Wilson et al. 2006). Presently exposed Oruanui outcrops are 
comprised of non-welded outflow fall and ignimbrite deposits. Of this material, 99% is rhyolitic 
in composition (71.8-76.7 wt. % SiO2, normalized 100% anhydrous), with a dominant proportion 
of this being high-silica rhyolite (74-76 wt. % SiO2; Wilson 2001). The remaining 1% consists of 
rare mafic (andesite to basaltic andesite, 52.3-63.3 wt. % SiO2) and still rarer mingled (61.0-74.7 
wt. % SiO2) pumice clasts. Rhyolitic pumice clasts contain 3-13 wt. % crystals of (ordered in 
decreasing proportions) plagioclase, quartz, orthopyroxene, hornblende, magnetite, ilmenite, 
apatite, and zircon (Charlier et al. 2008). Allan et al. (2012) have noted the presence of biotite-
bearing lapilli in Phase 1 and 2 deposits, and Allan et al. (2013) have identified quartz-free low-
silica rhyolite (<74 wt. % SiO2) pumices in Phase 3 and 6 deposits. 
Compositional variations in the rhyolitic pumice are evident throughout the deposit, and this 
variation is attributed to simple crystal fractionation processes (Charlier et al. 2008); however, 
there is no field evidence that a systematically, vertically-zoned magma body was tapped. As 
such, the system was likely mixed prior to or during the eruption and/or the vent position moved 
during the eruption, tapping compositionally different areas of the magma body (Wilson et al. 
2006). The mafic material is presumed to be derived from input and assimilation of primitive 
tholeiitic basalt and olivine-plagioclase basalt that ponded at the base of the chamber, while the 
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mingled pumice clasts are thought to represent pre- or syn-eruptive mixing of mafic magmas 
with the dominantly felsic Oruanui magma body (Wilson et al. 2006; Charlier et al. 2008).  
6.2.3. The Oruanui magma body 
In general, the Oruanui magmatic system has been described as a single crystal-poor magma 
body underlain by an extensive crystal mush (e.g. Charlier et al. 2005). A wealth of evidence 
exists to suggest the evolution of the Oruanui magma was heavily influenced by open system 
processes, particularly magma mixing and assimilation of crystals and partial crustal melts. This 
evidence includes: 
(a) Large variations in the compositions of major minerals in single pumice clasts, which 
requires complex mixing to have occurred (Wilson et al. 2006). 
(b) Cloudy-cored, high-An plagioclase crystals with overgrowths that are not in optical 
continuity with cores but have outer zones that are concentrically zoned and have An 
contents consistent with the rest of the Oruanui (~2.5-3 wt. % of all plagioclase; Charlier 
et al. 2008). 
(c) Dark, seemingly resorbed, low-Ti cores in quartz crystals, and melt inclusions in these 
cores with compositions that suggest they were derived from melts saturated in Ba-rich 
minerals not found in the Oruanui phase assemblage (Liu et al. 2006). 
(d) H2O-CO2 melt inclusion pressures in quartz crystals that suggest variations of up to 100 
MPa in a single pumice clast (Liu et al. 2006).  
(e) Re-entrant melt inclusions in pumices from the latest stage of the eruption that do not 
show more evolved compositions than fully enclosed inclusions (Liu et al. 2006). 
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(f) Trace element contents of multiple melt inclusions in the same crystal that do not show 
systematic variations with their position in the crystal (Liu et al. 2006). 
(g) Mingled pumice clasts with compositions suggestive of pre- and syn-eruptive mixing of 
mafic and silicic magmas (Wilson et al. 2006).  
(h) Bimodal SIMS U-Th zircon age spectra, with peak ages commensurate with those of both 
a preceding eruption (30 ka Okaia eruption) and the Oruanui itself (Wilson and Charlier 
et al. 2009).  
(i) Textures and compositions of orthopyroxene and amphibole that show partial 
dissolution/resorption, possibly due to decompression and expulsion of crystals from a 
deep mush zone and then subsequent overgrowth in the main Oruanui magma body 
(Allan et al. 2013). 
6.2.4. Residence depths of the Oruanui magma 
Residence depths of the Oruanui magma body have not been investigated in much detail, but 
some work has been done to shed light on this question. Liu et al. (2006) assessed H2O-CO2 
pressures in quartz melt inclusions in pumice clasts from a number of eruptive phases. Their 
results, excluding those from seemingly xenocrystic cores, suggest the Oruanui magma resided at 
pressures ranging from ~90-190 MPa. These pressures are consistent with those of Allan et al. 
(2013), who use Ridolfi et al. (2010) amphibole geothermobarometry and amphibole and 
orthopyroxene stabilities, and suggest the Oruanui magma accumulated at pressures of ~90-140 
MPa (~3.5-6 km) after extraction from a deeper crystal mush (~140-300 MPa, ~6-12 km). 
Finally, Bégué et al. (revised) used the new rhyolite-MELTS geobarometer, also used here, to 
assess pressures from Oruanui quartz-hosted melt inclusions and matrix glass. Their results 
suggest pressures of ~50-250 MPa. 
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6.2.5. The longevity of the Oruanui system 
Much of the work on the longevity of the Oruanui magma body has focused on zircon 
geochronology, using both multi-crystal U-Th TIMS (Charlier et al. 2005) and single crystal U-
Th SIMS (Charlier et al. 2005, 2008; Wilson and Charlier 2009) dating of both the Oruanui itself 
and a slew of smaller eruptions that pre- and post-date the Oruanui. The earliest work suggested 
that accumulation of the >530 km
3
 Oruanui magma occurred between 2.5 and ~40 ka, but the 
compositional evolution of the system leading to magmas with ‘Oruanui-like’ compositions 
likely took place over the course of ~100 ka (Charlier et al. 2005). However, subsequent work by 
Wilson and Charlier (2009), using single crystal U-Th SIMS analyses, gave a bimodal age 
spectrum whose oldest age was that of the Okaia eruption (~30 ka). As such, they revised the 
estimate of the Oruanui longevity to ≤3 ka (i.e. approximately the time between the Okaia and 
the 26.5 ka Oruanui eruption). Recent work by Allan et al. (2013), using Fe-Mg diffusion 
profiles in orthopyroxene crystals, is consistent with the timescales of Wilson and Charlier 
(2009), indicating that the Oruanui magma body was extracted from an underlying mush at most 
1.6 ka prior to eruption, but they estimate the bulk of the extraction process likely occurred a 
mere 230 a prior to eruption. 
6.3. Materials and Methods 
6.3.1. Samples 
We determined glass compositions in small chips of nineteen individual pumice clasts and melt 
inclusion textures in quartz crystals from seven individual pumice clasts. We collected all but 
five of the samples during two field sessions in 2012. The five additional samples (P15xx) were 
collected by Wilson (2001), and four of these were used by Liu et al. (2006) for melt inclusion 
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H2O-CO2 pressure analyses. Melt inclusions in quartz crystals from ORUA samples were also 
used by Bégué et al. (in press) for rhyolite-MELTS geobarometry. Details and GPS locations of 
these samples can be found in Table 6.1.  
6.3.2. Melt inclusion textures and timescales 
At magmatic temperatures, melt inclusions in quartz crystals undergo shape maturation (Manley 
1986) – initially ellipsoidal inclusions become increasingly faceted over time until they achieve 
the negative crystal shape of the host mineral (hexagonal bipyramid in quartz). This process 
occurs by diffusion of material from a curved to a corner region (Gualda et al. 2012a), and it is 
thus a thermally activated process that essentially stops upon eruption, when diffusion rates 
become negligibly slow. Therefore, assuming this is a constant volume process and limited only 
by diffusion, the current shape of melt inclusions (now glass) are a record of the time that 
elapsed between melt inclusion entrapment and eruption of the magma, and quantification of 
these shapes can be utilized to estimate timescales of quartz crystallization and the longevity of a 
magma body (Gualda et al. 2012a; Pamukcu et al. 2013; see also Chapter 3). 
To assess melt inclusion textures we use propagation phase-contrast x-ray tomography of 
individual quartz crystals, with image processing performed using the methods and routines 
described by Pamukcu et al. (2013). All tomographic imaging was performed at the GSECARS-
13 BMD beamline at the Advanced Photon Source of Argonne National Laboratory (Chicago, 
IL). We imaged and analyzed textures of 107 melt inclusions in 20 crystals from two pumice 
clasts (P1577, ORN-067). All resolvable melt inclusions (>10 pixels in linear dimension) in a 
given crystal were processed.
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Table 6.1. Sample names, GPS locations, and representative eruptive phases. 
 
Sample Name
a 
GPS Location
b Eruptive 
Phase
c Analysis type Notes
d 
     
ORN-018 
38° 36’ 56.07” S 
175° 52’ 24.73” E 
Unknown rhyolite-MELTS geobarometry Collected in 2012 
     
ORN-019 
38° 40’ 47.67” S 
175° 41’ 14.90” E 
Type E 
Ignimbrite 
rhyolite-MELTS geobarometry Collected in 2012 
     
ORN-021 
38° 35’ 50.58” S 
175° 58’ 41.82” E 
10 rhyolite-MELTS geobarometry Collected in 2012 
     
ORN-052_A,B 
38° 39’ 26.07” S 
176° 01’ 42.04” E 
1 rhyolite-MELTS geobarometry Collected in 2012 at 2288 locality 
     
ORN-061_C 
38° 47’ 14.30” S 
175° 41’ 9.70” E 
Unknown 
(possibly 6) 
rhyolite-MELTS geobarometry 
Collected in 2012, south of 1944 and 
1952 localities, on Highway 32. 
     
ORN-066_B 
38° 55’ 52.79” S 
176° 06’ 33.21” E 
6 rhyolite-MELTS geobarometry Collected in 2012 at 1513 locality 
     
ORN-067 
38° 57’ 37.14” S 
176° 03’ 19.24”E 
10 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Collected in 2012 at 1511 locality 
     
ORN-069 
38° 56’ 49.68” S 
176° 00’ 39.61”E 
10 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Collected in 2012 at 737 locality 
     
P1537 
38° 56’ 3.55” S 
176° 00’ 58.01” E 
10 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Sample provided by F. Anderson; H2O-
CO2 pressures determined previously 
by Liu et al. (2006) 
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Table 6.1., continued 
 
Sample Name
a 
GPS Location
b Eruptive 
Phase
c Analysis type Notes
d 
     
P1541 
38° 56’ 3.55” S 
176° 00’ 58.01” E 
10 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Sample provided by F. Anderson; H2O-
CO2 pressures determined previously 
by Liu et al. (2006) 
     
P1542 
38° 56’ 3.55” S 
176° 00’ 58.01” E 
10 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Sample provided by F. Anderson; H2O-
CO2 pressures determined previously 
by Liu et al. (2006) 
     
P1573 Unknown 1 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Sample provided by F. Anderson; H2O-
CO2 pressures determined previously 
by Liu et al. (2006) 
     
P1577 Unknown 1 
rhyolite-MELTS geobarometry, 
melt inclusion textures 
Sample provided by F. Anderson; H2O-
CO2 pressures determined previously 
by Liu et al. (2006) 
     
ORUA-48 
38° 39’ 32.12” S 
176° 01’ 44.52” E 
1 or 2 rhyolite-MELTS geobarometry Collected in 2012 
     
ORUA-49 
38° 39’ 32.12” S 
176° 01’ 44.52” E 
1 or 2 rhyolite-MELTS geobarometry Collected in 2012 
     
ORUA-50 
38° 39’ 32.12” S 
176° 01’ 44.52” E 
1 or 2 rhyolite-MELTS geobarometry Collected in 2012 
     
ORUA-51 
38° 39’ 32.12” S 
176° 01’ 44.52” E 
1 or 2 rhyolite-MELTS geobarometry Collected in 2012, 
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Table 6.1., continued 
 
Sample Name
a 
GPS Location
b Eruptive 
Phase
c Analysis type Notes
d 
     
ORUA-52 
38° 39’ 32.12” S 
176° 01’ 44.52” E 
1 or 2 rhyolite-MELTS geobarometry Collected in 2012 
     
 
a
 P15xx samples originally collected by C. Wilson
  
b 
GPS locations use WGS 1984 datum 
c
 Eruptive phases as documented by Wilson (2001) 
d
 Numbered localities are those of Wilson et al. (2006) 
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To calculate faceting timescales we use the equation of Gualda et al. (2012a), which gives errors 
of ~125% (Figure 6.3). The extent to which an inclusion is faceted is primarily dependent on the 
volume of material that is moved - not removed – in the faceting process (ΔV) and the diffusion 
of silica in melt, which in turn depends on temperature (T). We measure ΔV directly using x-ray 
tomography of individual quartz crystals (Pamukcu et al. 2013), and we use a T of 770 °C (Allan 
et al. 2012) to calculate the diffusion coefficient for silica in melt (Table 6.2; Baker 1991). To 
calculate growth rates, we find the distance of each inclusion from the crystal edge via image 
processing, and we use the calculated faceting time and the relationship Growth Rate = Length / 
Time to obtain our estimates (see Chapter 4). 
The amount of material that must be moved to achieve ‘full faceting’ (i.e. become a hexagonal 
bipyramid) is a function of the inclusion size. Consequently, all conditions being equal, a smaller 
inclusion will facet in less time than a larger inclusion because a smaller ΔV is required to fully 
facet it. This is shown in the schematic in Figure 6.3. Here, the time to fully facet (x-axis) is 
purely the time that can be calculated for an initially spherical inclusion to become a full 
hexagonal bipyramid at a specific temperature. Meanwhile, the time to current faceting (y-axis) 
is the time calculated by overlaying the current shape of the inclusion on a best-fit ellipsoid of 
the same volume, which allows us to calculate the ΔV needed to achieve the current inclusion 
shape. We use a best-fit ellipsoid (instead of a best-fit sphere) because there is no reason faceting 
should lead to elongated shapes, such that the observed elongated shapes are interpreted to 
reflect an originally elongated (thus, approximately ellipsoidal) melt inclusion shape. We 
calculate the faceting time for each inclusion using the resulting ΔV. Determination of ΔV is 
achieved through image processing.  
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Table 6.2. Parameters used in faceting timescales calculations. Faceting time calculations for 
each inclusion can be found in Appendix D. 
ΔVa R (J/K∙mol)b T (°C)c Co
d σ (J/m2)e Ω (m3/mol)f D (m2/s)g 
Varies per 
inclusion 
8.131451 770 0.7 0.02 2.37 x 10
-5 9.00 x 10
-
15
 
 
a 
volume of material moved in faceting process 
b 
molar gas constant
 
c
 temperature from Allan et al. (2013) 
d
 solubility of a particle of infinite radius 
e
 surface energy from Dowty (1980) 
g
 molar volume of quartz calculated using CORBA Phase Properties applet 
f
 diffusion coefficient calculated using the equation of Baker (1991) 
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Figure 6.2. Schematic of how faceting timescales from tomography are related to full-faceting 
timescales. Equation used to calculate faceting times is included and details of the parameters in 
this equation can be found in Table 6.2. 
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If an inclusion is fully faceted, the time to current faceting will be the same as the full faceting 
time and the inclusion will plot on the 1:1 line shown in Figure 6.2. The region below this line 
shows partially faceted inclusions, for which the time to current faceting is less than the time that 
is needed to achieve full faceting. Thus, as time moves on, the position of a given inclusion will 
move vertically, from an initial position on the x-axis (time = 0) towards the 1:1 line. Given that 
the full faceting time varies depending on the size of the inclusion, smaller inclusions will be 
closer to the left hand side of the diagram. Fully faceted inclusions give minimum timescale 
estimates, as an inclusion cannot become more faceted after becoming fully faceted; thus, we 
rely on partially faceting inclusions to gain maximum timescale estimates. We assume that the 
initial shape is an ellipsoid and the equilibrium shape is a full hexagonal bipyramid, but it is 
possible that a less-pristine shape (e.g. a hexagonal bipyramid with rounded corners) may 
actually be the equilibrium shape. In this case, the full faceting times that we calculate would be 
overestimates.  
6.3.3. Glass compositions and rhyolite-MELTS geobarometry  
Rhyolite-MELTS geobarometry (Gualda and Ghiorso revised) is a new method based on phase-
equilibria that utilizes rhyolite-MELTS (Gualda et al. 2012b) to assess crystallization pressures 
in silicic rocks containing quartz and feldspar. The premise of the method is that in haplogranitic 
and natural systems the position of the quartz+feldspar cotectic is a function of pressure (Tuttle 
and Bowen 1958; Johannes and Holtz 1996; Blundy and Cashman 2001), such that melts in 
equilibrium with quartz and feldspar will become increasingly silica-rich with decreasing 
pressure.  
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The rhyolite-MELTS geobarometer uses as input a glass composition (matrix glass or melt 
inclusions), oxygen fugacity, and the temperature and pressure range to be investigated; the 
saturation temperatures for quartz and feldspar (as well as of other phases, but those are not used 
in the pressure calculation) are determined as a function of pressure. The pressure of interest is 
then the pressure at which at least two phases (quartz, plagioclase, and/or sanidine) are 
simultaneously saturated at the liquidus temperature for the given glass composition; we consider 
simultaneous saturation to occur when temperatures are within 5 °C of each other (Gualda and 
Ghiorso revised). In the case of Oruanui, which contains quartz and only one feldspar 
(plagioclase), the relevant saturation condition is for quartz+feldspar (QF or QP 
[quartz+plagioclase] in the nomenclature of Gualda and Ghiorso revised), rather than the more 
constraining quartz+2 feldspars (Q2F). 
We ran 267 matrix glass compositions with rhyolite-MELTS. These compositions (Appendix J) 
were determined at Vanderbilt University (Nashville, TN) using an Oxford X-max 50 mm2 EDS 
attached to a Tescan Vega 3 LM Variable Pressure SEM. Accelerating voltages of 15 kV and 
absorbed currents of ~2.5 nA were used to scan analysis areas for 30 seconds. For rhyolite-
MELTS analyses, the range of temperatures and pressures investigated was 1000-700 ºC in 1 ºC 
steps and 25-400 MPa in 25 MPa steps; oxygen fugacity was kept buffered at the Ni-NiO buffer. 
Results were processed following the approach outlined by Gualda and Ghiorso (revised). 
6.4. Results 
6.4.1. Timescales from melt inclusion faceting 
Many of the small melt inclusions in the crystals we have studied are fully faceted (lie on the 1:1 
line of Figure 6.3) and thus only provide minimum timescale estimates. As such, we focus on the 
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Figure 6.3. Melt inclusion faceting times from melt inclusions in Oruanui quartz crystals. 
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partially faceted inclusions below the 1:1 line. These inclusions give timescales on the order of 
10
2
 a, with a maximum residence time of ~150 a. We see no clear difference in the timescales 
recorded by the ORN-067 and P1577 samples, aside from a single P1577 outlier that gives a time 
of ~470 a. Including the errors on these faceting estimates (125%, Gualda et al. 2012a), we find 
that the bulk of these inclusions were entrapped, at most, ~350 a prior to eruption. Considering 
the single P1577 outlier, the application of this error still precludes its entrapment at more than 
~1.1 ka before eruption. 
6.4.2. Growth rates from melt inclusions 
Growth rates obtained from melt inclusions range from 10
-11.5
 to 10
-13 
m/s (Figure 6.4). Growth 
rates for inclusions in quartz from ORN-067 are slightly slower than those for sample P1577, but 
the difference is not substantial, and an average rate of 10
-12
-10
-12.5
 m/s seems appropriate for 
growth of Oruanui quartz. These rates are consistent with other quartz growth rate estimates (e.g. 
Bishop Tuff quartz: 10
-11.5
-10
-14
 m/s, Gualda et al. 2012a; see also Chapter 4). 
6.4.3. Glass compositions 
Of the 267 matrix glass analyses used, 252 resulted in rhyolite-MELTS pressures, using the QF 
constraint (see below). As expected from petrography of these samples (i.e, universal absence of 
sanidine), no compositions resulted in Q2F pressures; however, given that the QF condition is 
not as constraining as Q2F, we used major element contents of successful QF simulations to 
further cull the dataset for outliers. This culling process was done quite conservatively, and both 
the original and culled datasets can be found in Appendix J. After the culling process, 212 glass 
compositions remained, and comparison of major elements in these glasses reveals two main 
compositional groups (Figure 6.5, Figure 6.6):  
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Figure 6.4. Growth rates determined from melt inclusion positions for Oruanui quartz crystals. 
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Figure 6.5. Representative major element discrimination diagrams for SiO2 vs. (a) K2O and (b) 
FeO.
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Figure 6.6. K2O vs. CaO diagram with glass compositions from Allan et al. (2012) biotite-
bearing and biotite-free pumices. 
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Compositional Group 1: This group is comprised of entirely of the ORN-067 and P15xx samples 
and shows the most evolved compositions of the dataset.  
Compositional Group 2: ORUA samples make up this group, with noticeably lower silica and 
less evolved compositions than those in Compositional Group 1.  
All remaining ORN samples tend to cluster together in composition and span the range between 
these two groups. They overlap with both groups but considerably more with Compositional 
Group 2. 
None of the glass compositions we analyzed fall into the high K2O/low CaO realm of the biotite-
bearing lapilli found by Allan et al. (2012) in Phase 1 and 2 eruption deposits (Figure 6.6). The 
least evolved sample in our dataset (ORUA-49) also has considerably higher glass silica contents 
(76.1 wt. % SiO2; Appendix J, Figure 6.7) than glasses from low-silica (average 74.3 wt. % 
SiO2) pumices analyzed by Allan et al. (2013). As such, we consider all of our samples to fall 
into the dominant high-silica rhyolite pumices, as defined by Allan et al. (2012). 
6.4.4. Rhyolite-MELTS geobarometry 
The silica contents of the 212 glasses ranges smoothly from 76.1-78.3 wt.% SiO2 and give 
pressures ranging from 51 to 278 MPa. Close investigation of the dataset suggests the presence 
of at least two distinct pressure groups, which correspond well with the compositional groups 
(Figure 6.7, Figure 6.8):  
Pressure Group 1: This “low” pressure group includes both the ORN and P15xx samples. 
Average pressures for samples in this group range from 112 to125 MPa, and when simulations  
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Figure 6.7. Pressure vs. SiO2 diagrams for successful rhyolite-MELTS geobarometry runs on (a) 
individual compositions and (b) average compositions for a given sample. Samples can be 
distinguished into two groups commensurate with their major element compositional variations.
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Figure 6.8. Box-and-whisker plot of rhyolite-MELTS pressures for individual samples. Striped boxes are rhyolite-MELTS (Bégué et 
al. revised) and H2O-CO2 (Liu et al. 2006) pressures for quartz melt inclusions. Small circles are mean values.
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are conducted on averaged compositions for each sample the resulting range of pressures is 116 
to 131 MPa. 
Pressure Group 2: This “high” pressure group is comprised of the ORUA samples, with average 
pressures ranging from 132 to 178 MPa (139-187 MPa when using averaged compositions for 
each sample).  
As with the compositional groups, the additional ORN samples give pressure results span the gap 
between the two pressure groups, but again overlapping considerably with Pressure Group 2.  
6.5. Discussion 
6.5.1. Longevity of the Oruanui magma body 
The most recent estimates of the longevity of the crystal-poor high-silica Oruanui magma 
indicate that the time between accumulation and eruption was short, on the order of 10
2
-10
3
 a 
(Wilson and Charlier 2009; Allan et al. 2013), while the development of the overarching Oruanui 
magmatic system (including development of an underlying crystal mush) took place over 100s of 
ka (Charlier et al. 2005). Allan et al. (2013) also suggest that extraction of a quartz-
undersaturated low-silica rhyolite magma from the underlying crystal mush occurred first, 
starting at ~1.6 ka, with a ramp up in extraction rate that peaked at ~230 a. The dominant crystal-
poor high-silica rhyolites that were eventually erupted evolved from this low-silica rhyolite 
“feedstock.” Here we discuss the longevity of the final crystal-poor high-silica rhyolites. 
Melt inclusion faceting times determined here give similar results for all the samples studied and 
also suggest the high-silica rhyolites crystallized in <350 a (at most, 1.1 ka). Similarly, 
plagioclase+quartz size distributions (Figure 6.9) determined by Wright (2014) using standard 
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Figure 6.9. Plagioclase+quartz crystal size distributions for the seven pumices studied here (from Wright 2014). Slopes for segments 
describing phenocrysts (large crystals) are noted in the table and used to calculate residence times. Growth rates are conservative and 
obtained from Cashman (1988). 
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and differential absorption x-ray tomography (Gualda and Rivers 2006; Pamukcu and Gualda 
2010) suggest growth of these phenocrysts on the order of centuries (up to, at most, a few 
thousand years; Wright 2014). Allan et al. (2013) note that it can be difficult to extend timescales 
from a single phase to other phases, and we agree that it should be made clear what processes are 
being recorded by a given phase. In the case of the Oruanui, plagioclase likely saturates prior to 
quartz,so quartz timescales may considerably underestimate the longevity of the Oruanui magma 
body; however, rhyolite-MELTS modeling shows that plagioclase saturated only as much as two 
times earlier than quartz, such that our faceting timescales can only underestimate the longevity 
of the Oruanui by that much (Chapter 4). Still, they give centennial to millennial timescales. 
 Meanwhile, in the case of size distributions, errors on time estimates are due to errors in the 
growth rates themselves. These errors can be large, but they are likely smaller than the range of 
growth rates we use to estimate times, such that we achieve maximum times. Using a 
conservative plagioclase growth rate of 10
-14
 m/s (Cashman 1988), since plagioclase is the 
dominant phase in these distributions and is most likely the first major phase to crystallize, we 
again find timescales for the crystallization of crystal-poor melt are on the order of centuries 
(Figure 6.9). There does not appear to be any difference in timescales between samples from 
different eruptive phases.  
6.5.2. Geometry and decompression of the Oruanui magma body 
Previous work describes the Oruanui magmatic system as a single giant magma body residing at 
~3.5 km depth, with a crystal-rich root and an underlying zone of partial melting or crystal 
fractionation that serves to produce silicic magmas (e.g. Charlier et al. 2005). Yet, evidence from 
rhyolite-MELTS geobarometry, and supported by plagioclase and quartz size distributions 
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(Wright 2014), suggests the Oruanui eruption may have tapped a more complex magma body 
than has been previously described. 
First, it is important to note the implications of using matrix glass to assess residence pressures. 
Unlike fully-enclosed melt inclusions, which are essentially isolated upon entrapment, matrix 
glass can undergo changes in silica content with decompression. The fact that many of our 
analyses from a given sample, or within a given pressure group, show a spread of pressures 
(Figure 6.7, Figure 6.8) suggests that many of the pressures we have obtained are, in fact, related 
to decompression and are not the initial residence pressure of the magma. This is corroborated by 
the fact that H2O-CO2 and rhyolite-MELTS pressures from some melt inclusions in quartz 
crystals from P15xx and ORUA samples give higher pressures than the matrix glass (Liu et al. 
2006; Bégué et al. revised); this suggests the inclusions were entrapped at higher pressures, while 
the matrix glass is recording decompression from this starting depth. Yet, there are clearly 
different pressure groups amongst the matrix glasses themselves, and this suggests that the initial 
residence depths of the magmas that resulted in these various pumice clasts were not the same.  
These data suggest a model different from that of the single >530 km
3
 magma body. It is known 
that smaller batches of high-silica rhyolite accumulated and erupted from the same area as the 
Oruanui for ~20 ka prior to the Oruanui itself, and the results we show here do suggest that the 
Oruanui magma “body” was itself a set of magma batches, rather than a single large source. Such 
a geometry for large silicic systems is not new in the TVZ (or other systems as well e.g. Bishop 
Tuff, Gualda and Ghiorso 2013b), as eruptions such as the 240 ka paired Ohakuri-Mamaku 
(Gravley et al. 2007; Bégué et al. revised) and the 1 Ma Kidnappers (Cooper et al. 2012) have 
been described as resulting from the eruption of multiple independent magma batches. Allan et 
al. (2012) even recognized horizontal juxtaposition of the giant Oruanui magma body with other 
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smaller, regional, compositionally different magma bodies that were located ~10-15 km apart. 
As such, it is certainly possible that the Oruanui itself was comprised of multiple horizontally 
(and vertically) separated smaller magma batches.  
Overall, these data suggest that the Oruanui eruption tapped at least two distinct magma bodies, 
which resided at different levels within the crust. Recognizing this fact may have important 
implications for how the eruption occurred and why no systematic compositional variations are 
evident in the stratigraphy of the deposits (Wilson et al. 2006). In particular, the fact that the 
pressure variations seem to be unrelated to eruptive phase goes against the idea of the Oruanui 
magma being a single, vertically extensive body, which would be more likely to be sequentially 
tapped. Rather, it suggests that multiple magma bodies existed in the region and, once eruption 
started, the crustal readjustments taking place led to communication and co-eruption of various 
magma bodies. It is interesting to note that the present-day central TVZ is characterized by 
several, relatively closely spaced thermal and gravitational anomalies, consistent with the model 
proposed here for the Oruanui (Heise et al. 2007, 2010; Bertrand et al. 2012). 
6.5.3. Open system processes in the Oruanui magma body 
As noted in Background, there is ample evidence in the Oruanui deposits for both magma 
mixing, between mafic and more silicic magmas (e.g. streaky pumices, Wilson et al. 2006), and 
assimilation of crystals from other sources, including xenocrysts from partially melted plutonic 
or metasedimentary greywacke crust, and antecrysts from other regional magmas, eruptions, or 
underlying mush zones. Our data, however, show little evidence of pre-eruptive mixing.  
First, as noted in the previous section, pressures recorded in glass compositions are certainly 
distinct (Figure 6.7). This suggests that there was little-to-no mixing between these different 
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magma batches. In addition, crystal size distributions are exponential curves (Figure 6.9) that are 
indicative of simple cooling and crystallization histories (e.g. Cashman and Marsh 1988; Marsh 
1988, 1998). If substantial mixing of crystal populations had occurred once or multiple times in 
the crystal-poor magma body before eruption, the resulting crystal size distributions would 
probably reflect these events (Cashman and Marsh 1988; Marsh 1988, 1998). Finally, complex 
CL zoning patterns in Oruanui quartz crystals have been noted by many workers (e.g. Charlier et 
al. 2008; Liu et al. 2006), and these patterns have been implicated as reflecting partial resorption, 
possibly due to mixing with hotter recharge magmas or assimilation of xenocrystic quartz 
crystals that were initially in disequilibrium with the Oruanui melt.  
Meanwhile, we have shown that zoning patterns on both sides of these odd features are in optical 
continuity, suggesting that these features may actually be due to unexposed melt inclusions that 
are still within the excitation volume of CL (Chapter 4). In addition, many of these zones appear 
dark in CL, whereas thermal events would be expected to appear bright, due to an increase in Ti. 
Consequently, we do not see good evidence for major thermal events affecting the crystal-poor 
magma bodies during crystallization. As such, it seems that caution should be exercised when 
interpreting these features as evidence for mixing or resorption.  
It should be emphasized that the presence of mafic clasts and streaky pumice identified in the 
Oruanui outflow deposits are undeniable and excellent evidence of mixing processes. Our data 
are not inconsistent with mixing, or with the Oruanui rhyolites being extracted from a mush, or 
with the potential for AFC processes to have played a role in their derivation. Instead, we suggest 
that many of these processes occurred during the development of the underlying crystal mush 
and in the derivation of the high-silica rhyolites from the low-silica rhyolite “feedstock” (Allan et 
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al. 2013). But our data suggest that once the various batches were established, they did not mix 
or otherwise communicate significantly until eruption ensued.  
6.6. Conclusions 
The 26.5 ka Oruanui eruption is the youngest supereruption in Earth's history and evacuated 
~530 km
3
 of crystal-poor high-silica rhyolite magma over the span of a few months. It is a well-
studied system, and data from field relationships and phenocryst and melt inclusion compositions 
has built a picture of the Oruanui magma body as a single, giant crystal-poor, high-silica rhyolite 
magma body that evolved from melt extracted from an extensive underlying crystal mush (see 
Charlier et al. 2008). The timescales over which this magma body developed have been a matter 
of debate, with early zircon geochronology studies suggesting long (~40 ka; Charlier et al.2005 ) 
timescales; however, recent zircon geochronology and diffusion chronometry studies have 
suggested the dominant melt-rich body accumulated and erupted over much shorter timescales 
(Wilson et al. 2009; Allan et al. 2013).  
Our work here using rhyolite-MELTS geobarometry and melt inclusion faceting timescales, as 
well as information from crystal size distributions (Wright 2014), adds new dimensions to the 
prevailing picture of the Oruanui: 
(a) Geobarometry suggests the Oruanui magma was not a single giant magma body but was 
instead comprised of a set of smaller magma batches, isolated at different depths but erupted 
contemporaneously. At least two different pressure groups are evident from glass compositions. 
This multi-magma batch geometry is consistent with those suggested recently for other large 
eruptions both in the TVZ and elsewhere (Cooper et al 2012; Gualda and Ghiorso 2012; Bégué et 
al. in revision). 
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(b) Melt inclusion faceting, as well as slopes of crystal size distributions (Wright 2014), suggest 
the accumulation of the crystal-poor high-silica rhyolite portion of the Oruanui magmas took 
place over short - most likely centennial, possibly up to millenial - timescales. This is consistent 
with Fe-Mg diffusion chronometry suggested by Allan et al. (2013).  
(c) Melt inclusion textures indicate that quartz growth rates are on the order of 10
-12
 m/s, 
consistent with data from other studies of quartz and feldspar growth rates (e.g. Cashman 1988; 
Gualda et al. 2012a). 
(d) Mixing and assimilation processes documented in detail by many other workers are not 
evident in our datasets. We suggest these processes did occur but that they happened prior to 
extraction and crystallization of the melt-dominant magma bodies and/or during the eruptive 
process itself. 
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CHAPTER 7 
 
 
AND BEYOND... 
 
The work described in the preceding four chapters has answered, or at least spoken to, the 
questions of the what, where, and when of supereruptions. While none of this work has explicitly 
provided an answer to why supereruptions occur, I hope that understanding more about the when 
and where of these massive eruptions brings us closer to answering the question of why. 
Of course, in the pursuit of answering questions new ones arise and new avenues of exploration 
are opened. In this final chapter, I will provide a few of the next steps that I am currently 
pursuing and others I believe could stem from this work. 
7.1. Decompression rates from experiments 
The geobarometry work described in Chapter 5 and Chapter 6, as well as other crystal size 
distribution studies, has brought to light the record of eruptive decompression that may (or may 
not) be contained in volcanic rocks. Accessing this record and understanding decompression 
rates in different systems may have considerable implications for understanding when and how 
rapidly eruptions occur. I am currently partaking in experimental studies with Dr. Jim Gardner 
(UT Austin), Dr. Guil Gualda (Vanderbilt) and Archer Chattin (Masters student at Vanderbilt) 
aimed at determining decompression rates in the Bishop Tuff, where a clear decompression 
population can be found in the crystal size distributions of late-erupted pumice clasts (Gualda et 
al. 2012a; Pamukcu et al. 2012). The goal is to recreate in experiments the small crystal 
population found in natural samples, so as to determine the decompression rates relevant for 
creating that population. This will be achieved by comparing our original size distributions from 
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natural rocks with those from samples developed using different initial temperatures and 
pressures and varying cooling and decompression rates on melts synthesized from the same 
natural material used in developing the original distributions (Figure 7.1).  
7.2. Lithium zoning in quartz and feldspar 
In addition to the use of Ti in diffusion chronometry in quartz, Li has recently been used for 
diffusion chronometry in both quartz and plagioclase (e.g. Charlier et al. 2012). I would like to 
explore the record that Li can offer to the question of timescales, both accumulation times and 
decompression timescales. Li information is not achievable with the x-ray microprobe, but laser 
ablation inductively coupled plasma mass spectrometry is one method by which information on 
Li zoning can be obtained.  
The Peach Spring Tuff would be an excellent place to begin exploring this, as whole-rock and 
major element mineral chemistry suggests the high silica rhyolites are fairly homogeneous, and 
previous timescales work has been done with crystal size distributions. As such, we would 
expect to see similar patterns between crystals and could be compared with those from size 
distributions. 
7.3. Giant versus small eruptions 
An ongoing question is what is different between silicic systems that result in supereruptions and 
those that are smaller and erupt more frequently? I plan to delve into this question first by 
looking at timescales of accumulation of these systems. Do magmas that result in small systems 
accumulate over different timescales than larger systems? If not, what drives a small system to 
erupt rather than continue to accumulate to become a giant system? I will compare timescales 
136 
 
between two eruptions – one small, one large – from the same volcanic complex: the 5 km3 AD 
1314 Kaharoa eruption (Nairn et al. 2004) and the 160 km
3
 330 ka Matahina eruption (Deering et 
al. 2011), which both erupted from the Okataina Volcanic Center. I have begun imaging quartz 
crystals from both eruptions (Figure 7.2), and I will use the variety of different methods of 
gathering timescale information that I have discussed in previous chapters, including crystal size 
distributions, melt inclusion faceting and diffusion chronometry.  
7.4. Titanium zoning in quartz 
If anything has come from this work it is that interpreting Ti zoning in quartz is complicated, and 
CL imaging is not well understood. Many of the strange textures that I have found in CL images 
of quartz are traditionally interpreted as resorption features or indications of thermal events, but 
there is also clear evidence from tomography and CL images themselves that unexposed glass 
(inclusions or glass selvedges) can impact CL signal. I intend to pursue monochromatic 
cathodoluminescence to try to get a better sense of the Ti signal in quartz, though this is 
challenging as the portion of the spectrum attributed to Ti is debated (Leeman et al. 2012) and 
the signal is believed to be very short-lived (10 µs; EP Vicenzi personal communication). I am 
also using x-ray microprobe and x-ray tomography techniques to determine the extent to which 
the uncommon zoning patterns are an effect of melt inclusions (Figure 7.3), and the extent to 
which Ti and CL signal are correlative. 
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Figure 7.1. Tomographic slice of an experimental “pumice” chip. 
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Figure 7.2. Cathodoluminescence image of Kaharoa quartz crystal showing candidates for melt 
inclusion faceting timescale and diffusion chronometry estimates. 
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Figure 7.3. Images of zoning and melt inclusions in a single quartz crystal. (top) 
Cathodoluminescence image of quartz crystal strange zoning patterns with large dark swaths. 
(bottom) Tomographic image of same quartz crystal showing melt inclusions that are located in 
the dark swathed areas of CL image but are not exposed in CL. 
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7.5. Melt inclusion entrapment and faceting 
Upon mounting and investigating quartz crystals with CL, a number of interesting melt inclusion 
features became apparent. In particular, melt inclusions are often found on corners of facets and 
align in rings around the c-axis (Figure 7.3). I would like to investigate melt inclusion 
entrapment processes and melt inclusion migration (Schiano et al. 2006) to better understand the 
development of melt inclusions, their compositional records, and the faceting processes. I would 
also like to investigate the possibility of melt inclusion faceting in phases other than quartz. 
Quartz is ideal for faceting studies as it is only dependent on the diffusion of silica in melt, 
diffusion rates are relatively slow due to the fact that silicic melts are lower temperature than 
basaltic melts, and Si diffusion rates in quartz are isotropic. The use of this process to understand 
timescales in other kinds of quartz-free systems would be ideal, but it is clearly more 
complicated. I have imaged melt inclusions in feldspar crystals from the Bishop Tuff and 
Chimpanzee Ignimbrite (TVZ) to begin to study this process (Figure 7.4).  
7.6. Crystal clustering and orientation 
Crystal clustering is a common phenomenon in many of the rocks I and my colleagues have 
studied. This is particularly obvious in the Peach Spring Tuff where accessory mineral phases 
(zircon, sphene, allanite, chevkinite, and magnetite) preferentially cluster together (Figure 7.5). 
Such clustering of accessory minerals has also appeared in samples from the Oruanui (Wright 
2014) In some cases, clustering appears to be preferred on specific crystallographic planes 
(Vance 1961). Additionally, it is common to find crystals that are preferentially oriented 
throughout a given pumice (e.g. Wright 2014). Electron Backscatter Diffraction (EBSD) is one 
method by which clustering and crystal orientation has been investigated, primarily in plutonic  
141 
 
 
Figure 7.4. Tomographic slice of plagioclase crystal from the Chimpanzee Ignimbrite (TVZ, 
New Zealand) that contains melt inclusions. 
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Figure 7.5. 3D renditions of accessory minerals in the Peach Spring Tuff. Zircon crystals 
(purple) clearly cluster with sphene (yellow) and magnetite (green) crystals. 
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rocks (e.g. Froemming et al. 2013), and I would like to use EBSD to investigate clustering and 
preferential orientation in volcanic rocks as well. This may have implications for understanding 
the origins of silicic magmas from magma mushes, eruption dynamics, and volcano-pluton 
connections. 
7.7. The Desert Tortoise 
While conducting fieldwork in the southwest desert of the United States I was introduced to the 
utterly fascinating and incomprehensible Desert Tortoise (Figure 7.6). The desert tortoise has a 
most remarkable survival mechanism – upon being scared by a predator, it stops where it is, 
empties it’s bladder until it is dehydrated, and then hopes for the best. Essentially, the desert 
tortoise is a slow-moving animal, especially relative to its enemies, that is under the impression 
that it is a good idea to evacuate all of its water contents while living in a place where it is hard 
enough to find water as it is. I would like to understand why the desert tortoise exists. I find this 
creature remarkable and something that is worth a geologist’s time contemplating. This question 
has stumped me since my first introduction to the desert tortoise in 2008, during a weeklong field 
session in the Searchlight Pluton, on a day that ended with our truck getting a flat tire in the 
middle of the essentially nowhere (admittedly, it doesn’t count as fieldwork if you don’t blow at 
least one tire along the way). 
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Figure 7.6. The incomprehensible Desert Tortoise. 
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TIMESCALE AND GROWTH RATE CALCULATIONS FROM MELT INCLUSION 
FACETING AND DIFFUSION CHRONOMETRY IN OHAKURI AND MAMKU QUARTZ 
CRYSTALS
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Appendix B. Timescale and growth rate calculations from melt inclusion faceting and diffusion chronometry in Ohakuri and Mamku quartz crystals 
  
 Time to Full Faceting 
D125b_10 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI15 1903.33 4.05E+04 4.05E-14 2.13E-05 2.77E-05 3.05E-05 1.88E-05 4.65E-15 1023.15 17 58 
MI18 3901.00 8.29E+04 8.29E-14 2.71E-05 3.52E-05 3.87E-05 2.39E-05 9.52E-15 1023.15 34 120 
            
D125b_10 Time to Current Faceting 
     
 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a) 
     
MI15 197.33 4.19E+03 4.19E-15 1053.15 16 54 
     
MI18 228.63 4.86E+03 4.86E-15 1053.15 18 63 
     
            
            
 Time to Full Faceting 
OHK-
IGN1_6 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 22083.50 4.69E+05 4.69E-13 4.82E-05 6.27E-05 6.90E-05 4.27E-05 5.39E-14 1053.15 131 457 
MI2 6442.17 1.37E+05 1.37E-13 3.20E-05 4.16E-05 4.57E-05 2.83E-05 1.57E-14 1053.15 38 133 
            
 
Time to Current Faceting 
     
OHK-
IGN1_6 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a) 
     
MI1 1307.00 2.78E+04 2.78E-14 1053.15 67 236 
     
MI2 421.00 8.95E+03 8.95E-15 1053.15 22 76 
     
            
            
 Time to Full Faceting 
OHK-
IGN1_5 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 11353.50 2.41E+05 2.41E-13 3.86E-05 5.02E-05 5.52E-05 3.42E-05 2.77E-14 1053.15 103 359 
MI3 2832.67 6.02E+04 6.02E-14 2.43E-05 3.16E-05 3.48E-05 2.15E-05 6.92E-15 1053.15 26 90 
            
 
Time to Current Faceting 
     
OHK-
IGN1_5 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a) 
     
MI1 679.00 1.44E+04 1.44E-14 1053.15 35 122 
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MI3 412.00 8.76E+03 8.76E-15 1053.15 21 74 
     
  
 Time to Full Faceting 
OHK-
IGN2_7 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 17535.67 3.73E+05 3.73E-13 4.46E-05 5.80E-05 6.39E-05 3.95E-05 4.28E-14 1053.15 158 554 
MI2 7053.33 1.50E+05 1.50E-13 3.30E-05 4.28E-05 4.71E-05 2.92E-05 1.72E-14 1053.15 64 223 
MI3 7737.34 1.64E+05 1.64E-13 3.40E-05 4.42E-05 4.86E-05 3.01E-05 1.89E-14 1053.15 70 244 
            
 
Time to Current Faceting 
     
OHK-
IGN2_7 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a) 
     
MI1 1725.67 3.67E+04 3.67E-14 1053.15 89 311 
     
MI2 584.34 1.24E+04 1.24E-14 1053.15 30 105 
     
MI3 568.33 1.21E+04 1.21E-14 1053.15 29 102 
     
            
            
 Time to Full Faceting 
FB11-
Ma21_4 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 1936.67 4.12E+04 4.12E-14 2.14E-05 2.79E-05 3.06E-05 1.90E-05 4.73E-15 1053.15 17 61 
MI2 2263.33 4.81E+04 4.81E-14 2.26E-05 2.93E-05 3.23E-05 2.00E-05 5.53E-15 1053.15 20 72 
MI3 2985.83 6.35E+04 6.35E-14 2.47E-05 3.22E-05 3.54E-05 2.19E-05 7.29E-15 1053.15 27 94 
MI4 2521.00 5.36E+04 5.36E-14 2.34E-05 3.04E-05 3.35E-05 2.07E-05 6.15E-15 1053.15 23 80 
MI5 13047.50 2.77E+05 2.77E-13 4.05E-05 5.26E-05 5.79E-05 3.58E-05 3.19E-14 1053.15 118 412 
MI6 5007.67 1.06E+05 1.06E-13 2.94E-05 3.82E-05 4.21E-05 2.60E-05 1.22E-14 1053.15 45 158 
            
 
Time to Current Faceting 
     
FB11-
Ma21_4 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a) 
     
MI1 244.00 5.19E+03 5.19E-15 1053.15 13 44 
     
MI2 283.00 6.01E+03 6.01E-15 1053.15 15 51 
     
MI3 268.00 5.70E+03 5.70E-15 1053.15 14 48 
     
MI4 218.00 4.63E+03 4.63E-15 1053.15 11 39 
     
MI5 1056.00 2.24E+04 2.24E-14 1053.15 54 190 
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MI6 468.00 9.95E+03 9.95E-15 1053.15 24 84 
     
            
 
a Image resolution of 2.77 µm/voxel 
b Equivalent radius: radius of a sphere of the same volume as the melt inclusion 
c a: side length of a hexagonal bipyramid of the same volume as the melt inclusion 
d h: height of a hexagonal bipyramid of the same volume as the melt inclusion 
e d: distance between the center of the bipyramid and a flat edge of the bipyramid 
f ΔV: amount of material moved in the faceting process, calculated relative to a hexagonal bipyramid (time to full faceting) or determined from image processing relative to an 
ellipsoid of the same volume (time to current faceting) 
g T: temperature; 780 °C for Oruanui, 750 °C for Bishop Tuff 
h t: faceting time; calculated using the equation     
   
       
  , where R is the ideal gas constant (8.31451 J/Kmol), Co is the solubility of a particle of infinite radius (0.7), σ is 
surface energy (0.02 J/m2), and Ω is the molar volume of quartz (23.7x10-6 m3/mol). These quantities are the same as those used by Gualda et al. (2012a). Errors on faceting times 
are ~125% (Gualda et al. 2012a) 
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D125b_10 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI 15 101.42 279.92 2.80E-04 16 5.05E+08 5.55E-13 1.77E+09 1.59E-13 
MI 18 113.51 313.30 3.13E-04 18 5.68E+08 5.52E-13 1.99E+09 1.58E-13 
Diffusion Profile 32.28 66.56 6.66E-05 31 9.78E+08 6.81E-14 3.42E+09 1.95E-14 
         
 
a
 Distance: distance from centroid of melt inclusion to nearest crystal face 
b
 t: faceting time 
c
 G: growth rate 
 
31 
16 
18 
MI15 
MI18 
D125b_10 
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OHK-IGN2_7 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI1 67.80 187.13 1.87E-04 29 9.15E+08 2.05E-13 3.20E+09 5.85E-14 
MI2 91.53 252.62 2.53E-04 30 9.46E+08 2.67E-13 3.31E+09 7.63E-14 
MI3 89.67 247.49 2.47E-04 89 2.81E+09 8.82E-14 9.82E+09 2.52E-14 
Diffusion Profile 115.42 217.78 2.18E-04 24 7.57E+08 2.88E-13 2.65E+09 8.22E-14 
         
 
a
 Distance: distance from centroid of melt inclusion to nearest crystal face 
b
 t: faceting time 
c
 G: growth rate 
 
  
24 a 
89 a 
30 a 
29 a 
MI1 
MI2 
MI3 
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FB11-Ma21_4 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI1 57.28 158.10 1.58E-04 13 4.10E+08 3.86E-13 1.43E+09 1.10E-13 
MI2 44.96 124.09 1.24E-04 14 4.42E+08 2.81E-13 1.55E+09 8.03E-14 
MI3 69.19 190.95 1.91E-04 15 4.73E+08 4.04E-13 1.66E+09 1.15E-13 
MI4 39.74 109.69 1.10E-04 11 3.47E+08 3.16E-13 1.21E+09 9.03E-14 
MI5 65.46 180.68 1.81E-04 54 1.70E+09 1.06E-13 5.96E+09 3.03E-14 
MI6 66.24 182.82 1.83E-04 24 7.57E+08 2.42E-13 2.65E+09 6.90E-14 
Diffusion Profile 32.28 66.56 6.66E-05 40 1.26E+09 5.28E-14 4.42E+09 1.51E-14 
         
 
a
 Distance: distance from centroid of melt inclusion to nearest crystal face 
b
 t: faceting time 
c
 G: growth rate 
 
  
13 a 
15 a 
14 a 
54 a 
24 a 
11 a 
200 μm 
40 a 
MI5 
MI2 
MI3 
MI4 
MI1 
MI6 
FB11-Ma21_4 
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OHK-IGN1_5 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI1 139.59 385.25 3.85E-04 35 1.10E+09 3.49E-13 3.86E+09 9.97E-14 
MI3 116.07 320.34 3.20E-04 21 6.62E+08 4.84E-13 2.32E+09 1.38E-13 
Diffusion Profile 203.86 617.74 6.18E-04 27 8.51E+08 7.25E-13 2.98E+09 2.07E-13 
         
 
a
 Distance: distance from centroid of melt inclusion to nearest crystal face 
b
 t: faceting time 
c
 G: growth rate 
  
27a 
35 a 
21a 
MI1 
MI3 
OHK-IGN1_5 
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OHK-IGN1_6 distance (pixel) distance (um) distance (m) time (a) time (s) G (m/s) 3.5t (s) G (m/s) 
         
MI1 51.17 141.23 1.41E-04 67 2.11E+09 6.68E-14 7.40E+09 1.91E-14 
MI2 38.38 105.93 1.06E-04 22 6.94E+08 1.53E-13 2.43E+09 4.36E-14 
Diffusion Profile 168.89 279.15 2.79E-04 38 1.20E+09 2.33E-13 4.19E+09 6.66E-14 
         
 
a
 Distance: distance from centroid of melt inclusion to nearest crystal face 
b
 t: faceting time 
c
 G: growth rate 
 
 
38 a 
67 a 
22 a 
MI1 
MI2 
OHK-IGN1_6 
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Appendix C. Growth rate calculations from melt inclusion faceting times in quartz from Oruanui and Bishop Tuff samples 
         
 
Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
P1577_4 
        
MI1 77.03 213.36 2.13E-04 96 3.04E+09 7.02E-14 1.06E+10 2.01E-14 
MI2 29.67 82.17 8.22E-05 15 4.66E+08 1.76E-13 1.63E+09 5.03E-14 
MI3 55.09 152.59 1.53E-04 2 6.38E+07 2.39E-12 2.23E+08 6.83E-13 
MI6 26.52 73.46 7.35E-05 23 7.18E+08 1.02E-13 2.51E+09 2.92E-14 
MI7 37.09 102.75 1.03E-04 6 1.84E+08 5.58E-13 6.45E+08 1.59E-13 
MI9 45.02 124.70 1.25E-04 3 8.47E+07 1.47E-12 2.96E+08 4.21E-13 
MI10 34.45 95.43 9.54E-05 6 1.89E+08 5.05E-13 6.62E+08 1.44E-13 
MI11 40.42 111.97 1.12E-04 83 2.61E+09 4.30E-14 9.12E+09 1.23E-14 
MI12 24.31 67.34 6.73E-05 3 9.82E+07 6.86E-13 3.44E+08 1.96E-13 
MI14 45.48 125.98 1.26E-04 3 9.66E+07 1.30E-12 3.38E+08 3.73E-13 
         
P1577_6 
        
MI1 59.53 164.91 1.65E-04 13 1.70E+08 9.72E-13 5.94E+08 2.78E-13 
MI3 37.71 104.45 1.04E-04 25 3.10E+08 3.37E-13 1.09E+09 9.63E-14 
MI4 33.11 91.72 9.17E-05 10 1.29E+08 7.09E-13 4.53E+08 2.03E-13 
MI5 61.43 170.17 1.70E-04 5 6.45E+07 2.64E-12 2.26E+08 7.54E-13 
MI6 74.30 205.82 2.06E-04 14 1.81E+08 1.13E-12 6.35E+08 3.24E-13 
MI7 50.46 139.78 1.40E-04 16 2.04E+08 6.84E-13 7.15E+08 1.95E-13 
MI8 68.47 189.65 1.90E-04 470 5.93E+09 3.20E-14 2.08E+10 9.13E-15 
MI9 64.87 179.69 1.80E-04 44 5.58E+08 3.22E-13 1.95E+09 9.20E-14 
MI10 63.75 176.60 1.77E-04 23 2.93E+08 6.02E-13 1.03E+09 1.72E-13 
         
P1577_8 
        
MI9 79.56 220.38 2.20E-04 46 1.46E+09 1.51E-13 5.10E+09 4.32E-14 
MI10 32.91 91.17 9.12E-05 5 1.66E+08 5.49E-13 5.81E+08 1.57E-13 
         
P1577_10 
        
MI1 46.42 128.59 1.29E-04 6 1.81E+08 7.11E-13 6.33E+08 2.03E-13 
MI3 41.46 114.84 1.15E-04 3 9.86E+07 1.16E-12 3.45E+08 3.33E-13 
         
ORN-067_1 
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Appendix C. Growth rate calculations from melt inclusion faceting times in quartz from Oruanui and Bishop Tuff samples 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI1 71.79 198.13 1.98E-04 26 8.17E+08 2.43E-13 2.86E+09 6.93E-14 
MI2 25.74 71.03 7.10E-05 8 2.43E+08 2.92E-13 8.51E+08 8.35E-14 
MI3 70.68 195.08 1.95E-04 62 1.95E+09 1.00E-13 6.82E+09 2.86E-14 
MI5 57.04 157.43 1.57E-04 27 8.66E+08 1.82E-13 3.03E+09 5.19E-14 
MI6 72.51 200.13 2.00E-04 42 1.32E+09 1.52E-13 4.61E+09 4.34E-14 
MI7 84.36 232.83 2.33E-04 20 6.16E+08 3.78E-13 2.16E+09 1.08E-13 
MI8 109.12 301.17 3.01E-04 6 1.78E+08 1.70E-12 6.22E+08 4.85E-13 
MI9 63.95 176.50 1.76E-04 10 3.21E+08 5.49E-13 1.12E+09 1.57E-13 
MI10 71.83 198.24 1.98E-04 26 8.20E+08 2.42E-13 2.87E+09 6.90E-14 
MI11 52.18 144.03 1.44E-04 39 1.24E+09 1.17E-13 4.33E+09 3.33E-14 
MI12 41.70 115.08 1.15E-04 23 7.27E+08 1.58E-13 2.55E+09 4.52E-14 
MI13 102.24 282.19 2.82E-04 13 3.99E+08 7.07E-13 1.40E+09 2.02E-13 
MI14 45.40 125.31 1.25E-04 131 4.12E+09 3.04E-14 1.44E+10 8.68E-15 
MI16 73.32 202.37 2.02E-04 11 3.32E+08 6.09E-13 1.16E+09 1.74E-13 
MI17 43.39 119.75 1.20E-04 23 7.18E+08 1.67E-13 2.51E+09 4.76E-14 
MI19 43.39 119.75 1.20E-04 23 7.13E+08 1.68E-13 2.50E+09 4.80E-14 
MI20 32.96 90.97 9.10E-05 32 1.02E+09 8.91E-14 3.57E+09 2.54E-14 
MI22 27.19 75.03 7.50E-05 129 4.07E+09 1.84E-14 1.42E+10 5.27E-15 
MI23 44.89 123.88 1.24E-04 14 4.52E+08 2.74E-13 1.58E+09 7.83E-14 
MI24 85.66 236.43 2.36E-04 122 3.84E+09 6.15E-14 1.35E+10 1.76E-14 
MI25 48.86 134.86 1.35E-04 12 3.85E+08 3.50E-13 1.35E+09 1.00E-13 
MI26 48.90 134.95 1.35E-04 66 2.07E+09 6.53E-14 7.23E+09 1.87E-14 
         
ORN-067_2 
        
MI1 71.79 198.13 1.98E-04 8 2.42E+08 8.19E-13 8.46E+08 2.34E-13 
         
ORN-067_4 
        
MI1 49.83 137.53 1.38E-04 36 1.15E+09 1.20E-13 4.02E+09 3.42E-14 
MI3 48.59 134.11 1.34E-04 29 9.27E+08 1.45E-13 3.25E+09 4.13E-14 
         
ORN-067_5 
        
MI2 44.17 121.91 1.22E-04 26 8.11E+08 1.50E-13 2.84E+09 4.29E-14 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI3 88.13 243.25 2.43E-04 151 4.76E+09 5.11E-14 1.67E+10 1.46E-14 
MI4 38.64 106.64 1.07E-04 22 6.89E+08 1.55E-13 2.41E+09 4.42E-14 
MI5 48.67 134.33 1.34E-04 8 2.60E+08 5.16E-13 9.11E+08 1.47E-13 
MI6 83.27 229.84 2.30E-04 11 3.56E+08 6.45E-13 1.25E+09 1.84E-13 
MI7 79.92 220.57 2.21E-04 137 4.32E+09 5.11E-14 1.51E+10 1.46E-14 
MI8 30.80 85.00 8.50E-05 32 1.01E+09 8.40E-14 3.54E+09 2.40E-14 
MI10 36.81 101.60 1.02E-04 27 8.66E+08 1.17E-13 3.03E+09 3.35E-14 
         
ORN-067_6 
        
MI1 38.39 105.95 1.06E-04 27 8.62E+08 1.23E-13 3.02E+09 3.51E-14 
MI2 31.44 86.76 8.68E-05 12 3.69E+08 2.35E-13 1.29E+09 6.72E-14 
MI3 32.36 89.31 8.93E-05 14 4.50E+08 1.98E-13 1.58E+09 5.67E-14 
MI4 32.29 89.12 8.91E-05 16 4.99E+08 1.79E-13 1.75E+09 5.10E-14 
MI5 36.52 100.79 1.01E-04 15 4.60E+08 2.19E-13 1.61E+09 6.26E-14 
MI6 34.70 95.76 9.58E-05 11 3.33E+08 2.87E-13 1.17E+09 8.21E-14 
MI7 26.44 72.98 7.30E-05 8 2.38E+08 3.06E-13 8.34E+08 8.76E-14 
MI8 9.40 25.94 2.59E-05 7 2.22E+08 1.17E-13 7.76E+08 3.34E-14 
         
ORN-067_7 
        
MI1 69.24 191.09 1.91E-04 8 2.61E+08 7.31E-13 9.15E+08 2.09E-13 
MI2 64.29 177.43 1.77E-04 10 3.11E+08 5.71E-13 1.09E+09 1.63E-13 
         
ORN-067_8 
        
MI3 35.55 98.12 9.81E-05 7 2.33E+08 4.21E-13 8.15E+08 1.20E-13 
         
ORN-067_9 
        
MI1 46.02 127.01 1.27E-04 10 3.02E+08 4.21E-13 1.06E+09 1.20E-13 
MI2 52.27 144.27 1.44E-04 8 2.52E+08 5.73E-13 8.81E+08 1.64E-13 
MI3 43.94 121.27 1.21E-04 6 1.79E+08 6.77E-13 6.27E+08 1.93E-13 
MI4 7.60 20.97 2.10E-05 7 2.14E+08 9.80E-14 7.49E+08 2.80E-14 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
ORN-067_11 
        
MI1 31.92 88.11 8.81E-05 6 1.77E+08 4.98E-13 6.19E+08 1.42E-13 
MI2 28.93 79.84 7.98E-05 10 3.31E+08 2.41E-13 1.16E+09 6.90E-14 
MI4 25.33 69.90 6.99E-05 11 3.45E+08 2.03E-13 1.21E+09 5.79E-14 
         
ORN-067_12 
        
MI2 18.80 51.88 5.19E-05 8 2.40E+08 2.16E-13 8.41E+08 6.17E-14 
MI4 19.63 54.17 5.42E-05 12 3.71E+08 1.46E-13 1.30E+09 4.17E-14 
         
ORN-067_13 
        
MI1 19.87 54.83 5.48E-05 8 2.58E+08 2.13E-13 9.02E+08 6.08E-14 
MI3 16.66 45.98 4.60E-05 4 1.37E+08 3.36E-13 4.78E+08 9.61E-14 
MI4 14.93 41.21 4.12E-05 7 2.10E+08 1.96E-13 7.35E+08 5.61E-14 
MI5 17.75 48.98 4.90E-05 6 1.99E+08 2.46E-13 6.97E+08 7.02E-14 
         
ORN-067_14 
        
MI1 44.31 122.29 1.22E-04 5 1.51E+08 8.08E-13 5.30E+08 2.31E-13 
         
ORN-067_15 
        
MI3 38.40 105.99 1.06E-04 17 5.48E+08 1.93E-13 1.92E+09 5.53E-14 
MI4 14.42 39.79 3.98E-05 6 1.75E+08 2.27E-13 6.13E+08 6.49E-14 
MI5 15.25 42.10 4.21E-05 5 1.45E+08 2.91E-13 5.07E+08 8.30E-14 
MI6 44.44 122.65 1.23E-04 5 1.48E+08 8.28E-13 5.18E+08 2.37E-13 
MI8 16.53 45.64 4.56E-05 6 1.84E+08 2.48E-13 6.43E+08 7.10E-14 
         
BB08-21B_1         
MI1 52.28 18.87 1.89E-05 8 2.59E+08 7.28E-14 9.07E+08 2.08E-14 
MI2 40.18 14.50 1.45E-05 12 3.76E+08 3.86E-14 1.31E+09 1.10E-14 
MI4 49.27 17.79 1.78E-05 2 6.34E+07 2.81E-13 2.22E+08 8.01E-14 
MI7 40.47 14.61 1.46E-05 12 3.88E+08 3.76E-14 1.36E+09 1.08E-14 
MI8 74.43 26.87 2.69E-05 0     
MI11 96.39 34.80 3.48E-05 14 4.39E+08 7.92E-14 1.54E+09 2.26E-14 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI12 46.44 16.77 1.68E-05 2 5.70E+07 2.94E-13 1.99E+08 8.40E-14 
MI13 98.15 35.43 3.54E-05 4 1.22E+08 2.90E-13 4.27E+08 8.30E-14 
MI17 95.07 34.32 3.43E-05 3 1.10E+08 3.11E-13 3.86E+08 8.88E-14 
MI21 91.46 33.02 3.30E-05 3 1.01E+08 3.28E-13 3.53E+08 9.36E-14 
MI24 30.84 11.13 1.11E-05 3 9.95E+07 1.12E-13 3.48E+08 3.20E-14 
MI28 72.78 26.28 2.63E-05 2 7.79E+07 3.37E-13 2.73E+08 9.64E-14 
MI29 58.31 21.05 2.11E-05 47 1.47E+09 1.43E-14 5.15E+09 4.08E-15 
MI30 61.96 22.37 2.24E-05 4 1.11E+08 2.02E-13 3.88E+08 5.77E-14 
MI31 60.36 21.79 2.18E-05 7 2.27E+08 9.59E-14 7.95E+08 2.74E-14 
MI32 53.85 19.44 1.94E-05 6 1.96E+08 9.93E-14 6.86E+08 2.84E-14 
MI35 49.34 17.81 1.78E-05 9 2.82E+08 6.32E-14 9.86E+08 1.81E-14 
         
BB08-21b_2         
MI3 86.19 31.11 3.11E-05 169 5.33E+09 5.83E-15 1.87E+10 1.67E-15 
MI8 72.03 26.01 2.60E-05 3 1.04E+08 2.50E-13 3.64E+08 7.15E-14 
MI10 21.92 7.91 7.91E-06 3 1.00E+08 7.89E-14 3.51E+08 2.25E-14 
MI11 23.24 8.39 8.39E-06 3 8.55E+07 9.81E-14 2.99E+08 2.80E-14 
         
BB08-21b_20a         
MI3 99.05 274.38 2.74E-04 272 8.58E+09 3.20E-14 3.00E+10 9.14E-15 
         
BB08-21b_20b         
MI3 32.60 90.31 9.03E-05 2 6.06E+07 1.49E-12 2.12E+08 4.26E-13 
MI4 59.99 166.16 1.66E-04 5 1.51E+08 1.10E-12 5.28E+08 3.15E-13 
MI6 23.85 66.08 6.61E-05 2 6.86E+07 9.63E-13 2.40E+08 2.75E-13 
MI7 83.58 231.51 2.32E-04 39 1.23E+09 1.88E-13 4.30E+09 5.38E-14 
MI8 89.01 246.56 2.47E-04 5 1.54E+08 1.60E-12 5.38E+08 4.58E-13 
MI9 90.83 251.60 2.52E-04 20 6.21E+08 4.05E-13 2.17E+09 1.16E-13 
MI10 47.81 132.43 1.32E-04 87 2.75E+09 4.82E-14 9.61E+09 1.38E-14 
MI11 27.55 76.32 7.63E-05 5 1.45E+08 5.25E-13 5.09E+08 1.50E-13 
MI13 72.33 200.36 2.00E-04 4 1.26E+08 1.59E-12 4.41E+08 4.54E-13 
MI15 44.15 122.29 1.22E-04 2 7.83E+07 1.56E-12 2.74E+08 4.46E-13 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI16 63.43 175.71 1.76E-04 112 3.54E+09 4.96E-14 1.24E+10 1.42E-14 
MI18 53.09 147.05 1.47E-04 2 7.51E+07 1.96E-12 2.63E+08 5.60E-13 
MI19 20.80 57.61 5.76E-05 4 1.12E+08 5.16E-13 3.91E+08 1.48E-13 
MI20 18.07 50.05 5.00E-05 4 1.27E+08 3.95E-13 4.44E+08 1.13E-13 
         
BB08-21b_22         
MI8 75.57 209.33 2.09E-04 19 5.88E+08 3.56E-13 2.06E+09 1.02E-13 
MI10 59.03 163.52 1.64E-04 38 1.21E+09 1.36E-13 4.22E+09 3.87E-14 
MI11 70.89 196.36 1.96E-04 7 2.31E+08 8.51E-13 8.08E+08 2.43E-13 
MI12 42.66 118.16 1.18E-04 6 1.97E+08 6.00E-13 6.90E+08 1.71E-13 
         
BC17-Ia15_42         
MI2 49.79 137.92 1.38E-04 23 7.18E+08 1.92E-13 2.51E+09 5.49E-14 
MI3 32.53 90.10 9.01E-05 21 6.57E+08 1.37E-13 2.30E+09 3.92E-14 
MI4 32.41 89.78 8.98E-05 37 1.17E+09 7.66E-14 4.10E+09 2.19E-14 
MI5 47.02 130.24 1.30E-04 15 4.81E+08 2.71E-13 1.68E+09 7.74E-14 
MI6 13.42 37.17 3.72E-05 8 2.44E+08 1.52E-13 8.54E+08 4.35E-14 
MI7 69.18 191.62 1.92E-04 6 1.91E+08 1.01E-12 6.67E+08 2.87E-13 
MI9 45.69 126.55 1.27E-04 4 1.41E+08 8.96E-13 4.94E+08 2.56E-13 
MI10 16.22 44.94 4.49E-05 9 2.80E+08 1.60E-13 9.81E+08 4.58E-14 
MI12 34.91 96.70 9.67E-05 28 8.83E+08 1.10E-13 3.09E+09 3.13E-14 
MI13 39.45 109.28 1.09E-04 14 4.29E+08 2.55E-13 1.50E+09 7.28E-14 
MI14 103.15 285.71 2.86E-04 7 2.10E+08 1.36E-12 7.35E+08 3.89E-13 
MI16 43.91 121.64 1.22E-04 7 2.20E+08 5.54E-13 7.68E+08 1.58E-13 
MI19 35.27 97.70 9.77E-05 6 1.96E+08 4.98E-13 6.87E+08 1.42E-13 
MI20 79.11 219.14 2.19E-04 13 4.02E+08 5.46E-13 1.41E+09 1.56E-13 
MI21 32.03 88.73 8.87E-05 7 2.29E+08 3.87E-13 8.02E+08 1.11E-13 
MI22 44.41 123.03 1.23E-04 30 9.36E+08 1.32E-13 3.27E+09 3.76E-14 
MI23 32.18 89.13 8.91E-05 7 2.36E+08 3.77E-13 8.27E+08 1.08E-13 
MI24 35.33 97.85 9.79E-05 23 7.11E+08 1.38E-13 2.49E+09 3.93E-14 
MI25 32.20 89.19 8.92E-05 9 2.69E+08 3.32E-13 9.41E+08 9.48E-14 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
BC17-Ia15_43         
MI2 90.38 250.35 2.50E-04 238 7.49E+09 3.34E-14 2.62E+10 9.54E-15 
MI3 73.22 202.81 2.03E-04 158 4.99E+09 4.06E-14 1.75E+10 1.16E-14 
MI4 74.56 206.54 2.07E-04 17 5.48E+08 3.77E-13 1.92E+09 1.08E-13 
MI5 84.67 234.52 2.35E-04 48 1.51E+09 1.55E-13 5.29E+09 4.44E-14 
MI6 58.55 162.18 1.62E-04 24 7.61E+08 2.13E-13 2.66E+09 6.09E-14 
MI8 93.23 258.25 2.58E-04 60 1.88E+09 1.37E-13 6.58E+09 3.92E-14 
MI9 45.87 127.06 1.27E-04 47 1.47E+09 8.64E-14 5.15E+09 2.47E-14 
MI10 93.17 258.08 2.58E-04 8 2.51E+08 1.03E-12 8.79E+08 2.93E-13 
MI12 62.90 174.22 1.74E-04 12 3.92E+08 4.44E-13 1.37E+09 1.27E-13 
MI13 50.50 139.87 1.40E-04 6 2.02E+08 6.93E-13 7.07E+08 1.98E-13 
MI15 43.92 121.66 1.22E-04 21 6.51E+08 1.87E-13 2.28E+09 5.34E-14 
MI17 74.73 207.00 2.07E-04 12 3.76E+08 5.51E-13 1.31E+09 1.57E-13 
MI18 70.19 194.43 1.94E-04 15 4.82E+08 4.03E-13 1.69E+09 1.15E-13 
         
BC17-Ia15_44         
MI4 44.02 121.92 1.22E-04 16 4.94E+08 2.47E-13 1.73E+09 7.06E-14 
MI7 44.53 123.36 1.23E-04 61 1.92E+09 6.42E-14 6.73E+09 1.83E-14 
MI8 124.11 343.79 3.44E-04 9 2.76E+08 1.25E-12 9.65E+08 3.56E-13 
MI9 95.60 264.80 2.65E-04 13 4.13E+08 6.42E-13 1.44E+09 1.83E-13 
MI11 46.09 127.68 1.28E-04 45 1.42E+09 9.01E-14 4.96E+09 2.57E-14 
MI13 102.41 283.66 2.84E-04 37 1.17E+09 2.43E-13 4.09E+09 6.94E-14 
MI14 91.47 253.37 2.53E-04 24 7.47E+08 3.39E-13 2.62E+09 9.69E-14 
MI17 68.82 190.63 1.91E-04 58 1.84E+09 1.04E-13 6.43E+09 2.96E-14 
MI19 85.31 236.32 2.36E-04 14 4.36E+08 5.42E-13 1.53E+09 1.55E-13 
MI20 64.64 179.05 1.79E-04 20 6.40E+08 2.80E-13 2.24E+09 7.99E-14 
MI21 65.83 182.35 1.82E-04 68 2.14E+09 8.51E-14 7.50E+09 2.43E-14 
         
BC17-Ia15_45         
MI1 48.49 134.32 1.34E-04 12 3.68E+08 3.65E-13 1.29E+09 1.04E-13 
MI3 89.17 246.99 2.47E-04 41 1.31E+09 1.89E-13 4.57E+09 5.40E-14 
MI4 77.17 213.77 2.14E-04 26 8.29E+08 2.58E-13 2.90E+09 7.37E-14 
165 
 
Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI7 71.57 198.25 1.98E-04 15 4.61E+08 4.30E-13 1.61E+09 1.23E-13 
         
F815_xl013         
MI2 102.60 291.38 2.91E-04 169 5.32E+09 5.48E-14 1.86E+10 1.56E-14 
MI3 84.41 239.73 2.40E-04 10 3.13E+08 7.65E-13 1.10E+09 2.19E-13 
MI4 85.08 241.61 2.42E-04 9 2.81E+08 8.60E-13 9.83E+08 2.46E-13 
MI5 161.54 458.77 4.59E-04 13 4.04E+08 1.14E-12 1.41E+09 3.25E-13 
MI6 151.50 430.27 4.30E-04 5 1.70E+08 2.53E-12 5.94E+08 7.24E-13 
MI8 60.91 172.98 1.73E-04 8 2.57E+08 6.73E-13 8.99E+08 1.92E-13 
MI9 121.99 346.46 3.46E-04 4 1.18E+08 2.95E-12 4.12E+08 8.42E-13 
MI10 161.95 459.93 4.60E-04 18 5.64E+08 8.16E-13 1.97E+09 2.33E-13 
MI11 91.44 259.70 2.60E-04 7 2.30E+08 1.13E-12 8.06E+08 3.22E-13 
MI12 161.98 460.03 4.60E-04 18 5.73E+08 8.03E-13 2.01E+09 2.29E-13 
MI13 93.58 265.77 2.66E-04 92 2.91E+09 9.12E-14 1.02E+10 2.61E-14 
MI14 123.05 349.46 3.49E-04 27 8.47E+08 4.13E-13 2.96E+09 1.18E-13 
MI16 123.00 349.33 3.49E-04 28 8.82E+08 3.96E-13 3.09E+09 1.13E-13 
MI17 142.45 404.55 4.05E-04 3 9.87E+07 4.10E-12 3.46E+08 1.17E-12 
MI18 171.83 488.00 4.88E-04 32 1.00E+09 4.86E-13 3.51E+09 1.39E-13 
MI19 198.70 564.30 5.64E-04 19 5.96E+08 9.47E-13 2.09E+09 2.71E-13 
MI20 181.43 515.27 5.15E-04 6 1.81E+08 2.85E-12 6.34E+08 8.13E-13 
MI21 171.83 488.00 4.88E-04 87 2.73E+09 1.79E-13 9.56E+09 5.11E-14 
MI22 181.75 516.16 5.16E-04 6 1.93E+08 2.68E-12 6.74E+08 7.65E-13 
MI23 143.21 406.71 4.07E-04 5 1.73E+08 2.35E-12 6.07E+08 6.70E-13 
MI24 38.14 108.32 1.08E-04 7 2.09E+08 5.19E-13 7.30E+08 1.48E-13 
MI25 140.61 399.33 3.99E-04 12 3.84E+08 1.04E-12 1.34E+09 2.97E-13 
MI26 59.57 169.18 1.69E-04 7 2.34E+08 7.24E-13 8.18E+08 2.07E-13 
MI27 188.80 536.20 5.36E-04 7 2.24E+08 2.39E-12 7.84E+08 6.84E-13 
MI28 205.74 584.31 5.84E-04 20 6.25E+08 9.34E-13 2.19E+09 2.67E-13 
MI29 158.15 449.14 4.49E-04 68 2.14E+09 2.10E-13 7.48E+09 6.00E-14 
MI30 201.87 573.30 5.73E-04 24 7.68E+08 7.47E-13 2.69E+09 2.13E-13 
MI31 134.13 380.92 3.81E-04 43 1.36E+09 2.81E-13 4.75E+09 8.02E-14 
MI32 133.06 377.90 3.78E-04 8 2.41E+08 1.57E-12 8.44E+08 4.48E-13 
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Appendix C. continued 
         
 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI34 152.97 434.44 4.34E-04 11 3.32E+08 1.31E-12 1.16E+09 3.74E-13 
MI35 126.28 358.62 3.59E-04 13 4.09E+08 8.76E-13 1.43E+09 2.50E-13 
MI36 56.20 159.62 1.60E-04 7 2.16E+08 7.39E-13 7.56E+08 2.11E-13 
MI37 164.39 466.88 4.67E-04 21 6.77E+08 6.90E-13 2.37E+09 1.97E-13 
MI38 137.93 391.71 3.92E-04 13 3.99E+08 9.82E-13 1.40E+09 2.81E-13 
MI39 51.13 145.21 1.45E-04 7 2.12E+08 6.84E-13 7.43E+08 1.95E-13 
MI40 195.50 555.21 5.55E-04 4 1.39E+08 3.99E-12 4.87E+08 1.14E-12 
MI43 37.11 105.39 1.05E-04 29 9.12E+08 1.16E-13 3.19E+09 3.30E-14 
MI45 60.26 171.14 1.71E-04 12 3.91E+08 4.37E-13 1.37E+09 1.25E-13 
MI46 55.72 158.23 1.58E-04 5 1.58E+08 1.00E-12 5.52E+08 2.87E-13 
MI47 15.16 43.05 4.31E-05 8 2.54E+08 1.70E-13 8.88E+08 4.85E-14 
MI48 35.65 101.24 1.01E-04 85 2.67E+09 3.79E-14 9.35E+09 1.08E-14 
         
F815_xl827         
MI5 55.49 157.60 1.58E-04 44 1.38E+09 1.14E-13 4.84E+09 3.25E-14 
MI6 91.52 259.92 2.60E-04 3 9.39E+07 2.77E-12 3.29E+08 7.91E-13 
MI7 80.32 228.11 2.28E-04 39 1.24E+09 1.84E-13 4.34E+09 5.25E-14 
MI11 128.22 364.15 3.64E-04 6 1.76E+08 2.07E-12 6.17E+08 5.90E-13 
MI12 123.80 351.60 3.52E-04 143 4.51E+09 7.79E-14 1.58E+10 2.23E-14 
MI14 101.88 289.33 2.89E-04 25 7.92E+08 3.65E-13 2.77E+09 1.04E-13 
MI15 176.52 501.33 5.01E-04 68 2.14E+09 2.34E-13 7.49E+09 6.69E-14 
MI16 179.36 509.39 5.09E-04 20 6.31E+08 8.07E-13 2.21E+09 2.31E-13 
MI17 157.57 447.48 4.47E-04 90 2.84E+09 1.57E-13 9.96E+09 4.49E-14 
MI19 92.87 263.75 2.64E-04 17 5.33E+08 4.94E-13 1.87E+09 1.41E-13 
MI22 119.46 339.28 3.39E-04 81 2.55E+09 1.33E-13 8.91E+09 3.81E-14 
MI23 154.88 439.86 4.40E-04 56 1.78E+09 2.48E-13 6.21E+09 7.08E-14 
MI25 119.71 339.98 3.40E-04 26 8.16E+08 4.17E-13 2.86E+09 1.19E-13 
MI26 104.97 298.10 2.98E-04 68 2.16E+09 1.38E-13 7.55E+09 3.95E-14 
         
F815_xl830         
MI2 66.51 188.88 1.89E-04 41 1.30E+09 1.45E-13 4.43E+09 4.27E-14 
MI3 84.41 239.73 2.40E-04 6 1.85E+08 1.30E-12 6.28E+08 3.82E-13 
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 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI4 72.67 206.39 2.06E-04 496 1.56E+10 1.32E-14 5.32E+10 3.88E-15 
MI5 53.15 150.94 1.51E-04 5 1.61E+08 9.38E-13 5.47E+08 2.76E-13 
MI7 48.98 139.11 1.39E-04 6 2.03E+08 6.86E-13 6.89E+08 2.02E-13 
MI8 81.05 230.18 2.30E-04 17 5.36E+08 4.29E-13 1.82E+09 1.26E-13 
MI10 39.37 111.81 1.12E-04 18 5.57E+08 2.01E-13 1.90E+09 5.90E-14 
MI11 74.34 211.13 2.11E-04 17 5.35E+08 3.95E-13 1.82E+09 1.16E-13 
MI12 77.48 220.05 2.20E-04 33 1.05E+09 2.10E-13 3.56E+09 6.18E-14 
MI13 61.35 174.23 1.74E-04 9 2.75E+08 6.35E-13 9.33E+08 1.87E-13 
MI15 53.26 151.26 1.51E-04 9 2.73E+08 5.55E-13 9.27E+08 1.63E-13 
         
F815_xl831         
MI3 71.49 203.04 2.03E-04 16 4.94E+08 4.11E-13 1.73E+09 1.17E-13 
MI4 81.29 230.86 2.31E-04 10 3.12E+08 7.39E-13 1.09E+09 2.11E-13 
MI7 60.74 172.50 1.73E-04 39 1.25E+09 1.39E-13 4.36E+09 3.96E-14 
MI8 77.55 220.24 2.20E-04 129 4.07E+09 5.41E-14 1.43E+10 1.54E-14 
MI10 71.55 203.19 2.03E-04 18 5.79E+08 3.51E-13 2.03E+09 1.00E-13 
MI13 59.49 168.95 1.69E-04 209 6.59E+09 2.56E-14 2.31E+10 7.32E-15 
MI14 53.86 152.95 1.53E-04 21 6.69E+08 2.29E-13 2.34E+09 6.53E-14 
MI15 42.38 120.37 1.20E-04 16 5.20E+08 2.31E-13 1.82E+09 6.61E-14 
MI18 120.68 342.73 3.43E-04 92 2.91E+09 1.18E-13 1.02E+10 3.36E-14 
MI19 87.05 247.22 2.47E-04 76 2.38E+09 1.04E-13 8.35E+09 2.96E-14 
MI20 48.30 137.17 1.37E-04 9 2.99E+08 4.59E-13 1.05E+09 1.31E-13 
MI21 66.56 189.03 1.89E-04 27 8.52E+08 2.22E-13 2.98E+09 6.34E-14 
MI22 64.04 181.86 1.82E-04 25 7.79E+08 2.33E-13 2.73E+09 6.67E-14 
MI25 157.36 446.91 4.47E-04 15 4.72E+08 9.46E-13 1.65E+09 2.70E-13 
MI27 116.56 331.04 3.31E-04 24 7.44E+08 4.45E-13 2.60E+09 1.27E-13 
MI28 17.69 50.23 5.02E-05 10 3.14E+08 1.60E-13 1.10E+09 4.57E-14 
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 Distance
a
 (pixel) Distance (um) Distance (m) t
b
 (a) t (s) G
c
 (m/s) 3.5t (s) Gmin (m/s) 
         
MI29 88.56 251.50 2.52E-04 16 5.13E+08 4.91E-13 1.79E+09 1.40E-13 
MI31 70.11 199.10 1.99E-04 10 3.16E+08 6.30E-13 1.11E+09 1.80E-13 
MI32 66.95 190.14 1.90E-04 82 2.59E+09 7.33E-14 9.08E+09 2.09E-14 
         
 
a
 Distance = distance from centroid of melt inclusion polyhedron to nearest crystal edge  
b 
t = faceting time 
c
 G = growth rate  
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FACETING TIME CALCULATIONS FROM MELT INCLUSIONS IN QUARTZ FROM 
ORUANUI AND BISHOP TUFF SAMPLES
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Appendix D. Faceting time calculations from melt inclusions in quartz from Oruanui and Bishop Tuff samples 
  
 Time to Full Faceting 
P1577_4 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 22139.48 4.71E+05 4.71E-13 4.83E-05 6.27E-05 6.90E-05 4.27E-05 5.40E-14 1053.15 200 700 
MI2 1826.00 3.88E+04 3.88E-14 2.10E-05 2.73E-05 3.00E-05 1.86E-05 4.46E-15 1053.15 16 58 
MI3 45.00 9.56E+02 9.56E-16 6.11E-06 7.95E-06 8.74E-06 5.41E-06 1.10E-16 1053.15 0 1 
MI4 23005.16 4.89E+05 4.89E-13 4.89E-05 6.35E-05 6.99E-05 4.32E-05 5.62E-14 1053.15 208 727 
MI5 3860.67 8.21E+04 8.21E-14 2.70E-05 3.51E-05 3.86E-05 2.39E-05 9.43E-15 1053.15 35 122 
MI6 2310.33 4.91E+04 4.91E-14 2.27E-05 2.95E-05 3.25E-05 2.01E-05 5.64E-15 1053.15 21 73 
MI7 425.00 9.03E+03 9.03E-15 1.29E-05 1.68E-05 1.85E-05 1.14E-05 1.04E-15 1053.15 4 13 
MI8 1945.50 4.13E+04 4.13E-14 2.15E-05 2.79E-05 3.07E-05 1.90E-05 4.75E-15 1053.15 18 61 
MI9 189.33 4.02E+03 4.02E-15 9.87E-06 1.28E-05 1.41E-05 8.73E-06 4.62E-16 1053.15 2 6 
MI10 559.00 1.19E+04 1.19E-14 1.42E-05 1.84E-05 2.02E-05 1.25E-05 1.36E-15 1053.15 5 18 
MI11 15125.16 3.21E+05 3.21E-13 4.25E-05 5.53E-05 6.08E-05 3.76E-05 3.69E-14 1053.15 137 478 
MI12 178.00 3.78E+03 3.78E-15 9.67E-06 1.26E-05 1.38E-05 8.55E-06 4.35E-16 1053.15 2 6 
MI14 170.33 3.62E+03 3.62E-15 9.53E-06 1.24E-05 1.36E-05 8.43E-06 4.16E-16 1053.15 2 5 
            
 
Time to Current Faceting 
    
P1577_4 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 1226.51 2.61E+04 2.61E-14 1053.15 95 334  
    
MI2 190.00 4.04E+03 4.04E-15 1053.15 15 52  
    
MI3 26.00 5.53E+02 5.53E-16 1053.15 2 7  
    
MI4 1914.17 4.07E+04 4.07E-14 1053.15 149 522  
    
MI5 
    
 
 
 
    
MI6 292.33 6.21E+03 6.21E-15 1053.15 23 80  
    
MI7 75.00 1.59E+03 1.59E-15 1053.15 6 20  
    
MI8 
    
 
 
 
    
MI9 34.50 7.33E+02 7.33E-16 1053.15 3 9  
    
MI10 77.00 1.64E+03 1.64E-15 1053.15 6 21  
    
MI11 1061.17 2.26E+04 2.26E-14 1053.15 83 289  
    
MI12 40.00 8.50E+02 8.50E-16 1053.15 3 11  
    
MI14 39.33 8.36E+02 8.36E-16 1053.15 3 11  
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Time to Full Faceting 
P1577_6 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 1438.67 3.06E+04 3.06E-14 1.94E-05 2.52E-05 2.77E-05 1.72E-05 3.51E-15 1053.15 13 45 
MI3 3178.67 6.76E+04 6.76E-14 2.53E-05 3.29E-05 3.61E-05 2.24E-05 7.76E-15 1053.15 29 100 
MI4 805.67 1.71E+04 1.71E-14 1.60E-05 2.08E-05 2.29E-05 1.41E-05 1.97E-15 1053.15 7 25 
MI5 311.67 6.62E+03 6.62E-15 1.17E-05 1.51E-05 1.67E-05 1.03E-05 7.61E-16 1053.15 3 10 
MI6 1500.67 3.19E+04 3.19E-14 1.97E-05 2.56E-05 2.81E-05 1.74E-05 3.66E-15 1053.15 14 47 
MI7 1717.00 3.65E+04 3.65E-14 2.06E-05 2.68E-05 2.94E-05 1.82E-05 4.19E-15 1053.15 16 54 
MI8 61388.18 1.30E+06 1.30E-12 6.78E-05 8.81E-05 9.70E-05 6.00E-05 1.50E-13 1053.15 554 1940 
MI9 5137.50 1.09E+05 1.09E-13 2.97E-05 3.86E-05 4.24E-05 2.62E-05 1.25E-14 1053.15 46 162 
MI10 2812.50 5.98E+04 5.98E-14 2.43E-05 3.15E-05 3.47E-05 2.15E-05 6.87E-15 1053.15 25 89 
            
 
Time to Current Faceting 
    
P1577_6 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 172.667 3.67E+03 3.67E-15 1053.15 13 47  
    
MI3 315.666 6.71E+03 6.71E-15 1053.15 25 86  
    
MI4 131.667 2.80E+03 2.80E-15 1053.15 10 36  
    
MI5 65.6666 1.40E+03 1.40E-15 1053.15 5 18  
    
MI6 184.666 3.92E+03 3.92E-15 1053.15 14 50  
    
MI7 208 4.42E+03 4.42E-15 1053.15 16 57  
    
MI8 6041.18 1.28E+05 1.28E-13 1053.15 470 1646  
    
MI9 568.501 1.21E+04 1.21E-14 1053.15 44 155  
    
MI10 298.5 6.34E+03 6.34E-15 1053.15 23 81  
    
            
            
 Time to Full Faceting 
P1577_8 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 5681.83 1.21E+05 1.21E-13 3.07E-05 3.99E-05 4.39E-05 2.71E-05 1.39E-14 1053.15 51 180 
MI3 756.67 1.61E+04 1.61E-14 1.57E-05 2.04E-05 2.24E-05 1.39E-05 1.85E-15 1053.15 7 24 
MI4 2154.33 4.58E+04 4.58E-14 2.22E-05 2.89E-05 3.17E-05 1.96E-05 5.26E-15 1053.15 19 68 
MI5 3280.50 6.97E+04 6.97E-14 2.55E-05 3.32E-05 3.65E-05 2.26E-05 8.01E-15 1053.15 30 104 
MI6 112.33 2.39E+03 2.39E-15 8.29E-06 1.08E-05 1.19E-05 7.34E-06 2.74E-16 1053.15 1 4 
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MI7 1.07 2.28E+01 2.28E-17 1.76E-06 2.29E-06 2.51E-06 1.56E-06 2.61E-18 1053.15 0 0 
MI8 8237.66 1.75E+05 1.75E-13 3.47E-05 4.51E-05 4.96E-05 3.07E-05 2.01E-14 1053.15 74 260 
MI9 6047.00 1.29E+05 1.29E-13 3.13E-05 4.07E-05 4.48E-05 2.77E-05 1.48E-14 1053.15 55 191 
MI10 400.67 8.52E+03 8.52E-15 1.27E-05 1.65E-05 1.81E-05 1.12E-05 9.78E-16 1053.15 4 13 
            
 
Time to Current Faceting 
    
P1577_8 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI2 516.83 1.10E+04 1.10E-14 1053.15 40 141  
    
MI3 121.67 2.59E+03 2.59E-15 1053.15 9 33  
    
MI4 283.33 6.02E+03 6.02E-15 1053.15 22 77  
    
MI5 305.50 6.49E+03 6.49E-15 1053.15 24 83  
    
MI6 34.33 7.30E+02 7.30E-16 1053.15 3 9  
    
MI7 1042.66 2.22E+04 2.22E-14 1053.15 81 284  
    
MI8 802.67 1.71E+04 1.71E-14 1053.15 62 219  
    
MI9 593.00 1.26E+04 1.26E-14 1053.15 46 162  
    
MI10 67.67 1.44E+03 1.44E-15 1053.15 5 18  
    
            
            
 Time to Full Faceting 
P1577_10 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 169.17 3.60E+03 3.60E-15 9.50E-06 1.24E-05 1.36E-05 8.41E-06 4.13E-16 1053.15 2 5 
MI2 559.33 1.19E+04 1.19E-14 1.42E-05 1.84E-05 2.03E-05 1.25E-05 1.37E-15 1053.15 5 18 
MI3 169.17 3.60E+03 3.60E-15 9.50E-06 1.24E-05 1.36E-05 8.41E-06 4.13E-16 1053.15 2 5 
            
 
Time to Current Faceting 
    
P1577_10 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 73.67 1.57E+03 1.57E-15 1053.15 6 20  
    
MI2 82.33 1.75E+03 1.75E-15 1053.15 6 22  
    
MI3 40.17 8.54E+02 8.54E-16 1053.15 3 11  
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 Time to Full Faceting 
P1577_12 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 9473.17 2.01E+05 2.01E-13 3.64E-05 4.73E-05 5.20E-05 3.22E-05 2.31E-14 1053.15 86 299 
            
            
 
Time to Current Faceting 
    
P1577_12 ΔV um3 m3 T (K) Δt (s) Δt (a) 3.5Δt (a) 
    
MI1 669.16 1.42E+04 1.42E-14 1053.15 1.64E+09 52 182 
    
            
            
 Time to Full Faceting 
ORN-
067_1 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 4471.67 9.40E+04 9.40E-14 2.82E-05 3.67E-05 4.03E-05 2.50E-05 1.08E-14 1053.15 40 140 
MI2 572.00 1.20E+04 1.20E-14 1.42E-05 1.85E-05 2.03E-05 1.26E-05 1.38E-15 1053.15 5 18 
MI3 6693.34 1.41E+05 1.41E-13 3.23E-05 4.20E-05 4.62E-05 2.85E-05 1.62E-14 1053.15 60 209 
MI4 3322.17 6.98E+04 6.98E-14 2.55E-05 3.32E-05 3.65E-05 2.26E-05 8.02E-15 1053.15 30 104 
MI5 4056.67 8.53E+04 8.53E-14 2.73E-05 3.55E-05 3.91E-05 2.42E-05 9.80E-15 1053.15 36 127 
MI6 6785.00 1.43E+05 1.43E-13 3.24E-05 4.21E-05 4.64E-05 2.87E-05 1.64E-14 1053.15 61 212 
MI7 1941.00 4.08E+04 4.08E-14 2.14E-05 2.78E-05 3.06E-05 1.89E-05 4.69E-15 1053.15 17 61 
MI8 387.33 8.14E+03 8.14E-15 1.25E-05 1.62E-05 1.79E-05 1.10E-05 9.35E-16 1053.15 3 12 
MI9 1132.83 2.38E+04 2.38E-14 1.78E-05 2.32E-05 2.55E-05 1.58E-05 2.74E-15 1053.15 10 35 
MI10 4440.17 9.34E+04 9.34E-14 2.81E-05 3.66E-05 4.03E-05 2.49E-05 1.07E-14 1053.15 40 139 
MI11 5749.33 1.21E+05 1.21E-13 3.07E-05 3.99E-05 4.39E-05 2.71E-05 1.39E-14 1053.15 51 180 
MI12 4120.17 8.66E+04 8.66E-14 2.74E-05 3.57E-05 3.93E-05 2.43E-05 9.95E-15 1053.15 37 129 
MI13 1535.67 3.23E+04 3.23E-14 1.98E-05 2.57E-05 2.83E-05 1.75E-05 3.71E-15 1053.15 14 48 
MI14 18061.33 3.80E+05 3.80E-13 4.49E-05 5.84E-05 6.43E-05 3.97E-05 4.36E-14 1053.15 161 565 
MI16 846.33 1.78E+04 1.78E-14 1.62E-05 2.11E-05 2.32E-05 1.43E-05 2.04E-15 1053.15 8 26 
MI17 2795.50 5.88E+04 5.88E-14 2.41E-05 3.14E-05 3.45E-05 2.13E-05 6.75E-15 1053.15 25 87 
MI19 2795.50 5.88E+04 5.88E-14 2.41E-05 3.14E-05 3.45E-05 2.13E-05 6.75E-15 1053.15 25 87 
MI20 4086.00 8.59E+04 8.59E-14 2.74E-05 3.56E-05 3.92E-05 2.42E-05 9.87E-15 1053.15 36 128 
MI22 22209.16 4.67E+05 4.67E-13 4.81E-05 6.26E-05 6.88E-05 4.26E-05 5.36E-14 1053.15 198 694 
MI23 1607.17 3.38E+04 3.38E-14 2.01E-05 2.61E-05 2.87E-05 1.77E-05 3.88E-15 1053.15 14 50 
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MI24 19817.50 4.17E+05 4.17E-13 4.63E-05 6.02E-05 6.63E-05 4.10E-05 4.79E-14 1053.15 177 619 
MI25 1412.00 2.97E+04 2.97E-14 1.92E-05 2.50E-05 2.75E-05 1.70E-05 3.41E-15 1053.15 13 44 
MI26 10028.83 2.11E+05 2.11E-13 3.69E-05 4.80E-05 5.28E-05 3.27E-05 2.42E-14 1053.15 90 313 
MI27 12317.68 2.59E+05 2.59E-13 3.95E-05 5.14E-05 5.66E-05 3.50E-05 2.97E-14 1053.15 110 385 
            
 
Time to Current Faceting 
    
ORN-
067_1 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 332.67 7.07E+03 7.07E-15 1053.15 26 91  
    
MI2 99.00 2.10E+03 2.10E-15 1053.15 8 27  
    
MI3 793.33 1.69E+04 1.69E-14 1053.15 62 216  
    
MI4 
    
   
    
MI5 352.67 7.50E+03 7.50E-15 1053.15 27 96  
    
MI6 536.00 1.14E+04 1.14E-14 1053.15 42 146  
    
MI7 251.00 5.33E+03 5.33E-15 1053.15 20 68  
    
MI8 72.33 1.54E+03 1.54E-15 1053.15 6 20  
    
MI9 130.83 2.78E+03 2.78E-15 1053.15 10 36  
    
MI10 334.17 7.10E+03 7.10E-15 1053.15 26 91  
    
MI11 503.34 1.07E+04 1.07E-14 1053.15 39 137  
    
MI12 296.17 6.29E+03 6.29E-15 1053.15 23 81  
    
MI13 162.67 3.46E+03 3.46E-15 1053.15 13 44  
    
MI14 1679.33 3.57E+04 3.57E-14 1053.15 131 458  
    
MI16 135.33 2.88E+03 2.88E-15 1053.15 11 37  
    
MI17 292.50 6.22E+03 6.22E-15 1053.15 23 80  
    
MI19 290.50 6.17E+03 6.17E-15 1053.15 23 79  
    
MI20 416.00 8.84E+03 8.84E-15 1053.15 32 113  
    
MI22 1657.17 3.52E+04 3.52E-14 1053.15 129 452  
    
MI23 184.17 3.91E+03 3.91E-15 1053.15 14 50  
    
MI24 1565.50 3.33E+04 3.33E-14 1053.15 122 427  
    
MI25 157.00 3.34E+03 3.34E-15 1053.15 12 43  
    
MI26 841.84 1.79E+04 1.79E-14 1053.15 66 229  
    
MI27 
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 Time to Full Faceting 
ORN-
067_2 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 422.50 8.88E+03 8.88E-15 1.28E-05 1.67E-05 1.84E-05 1.14E-05 1.02E-15 1053.15 4 13 
MI3 6178.50 1.30E+05 1.30E-13 3.14E-05 4.09E-05 4.49E-05 2.78E-05 1.49E-14 1053.15 55 193 
            
 
Time to Current Faceting 
    
ORN-
067_2 
ΔV um3 m3 T (K)  3.5Δt (a)  
    
MI1 98.50 2.09E+03 2.09E-15 1053.15  27  
    
MI3 
    
 
      
  
 Time to Full Faceting 
ORN-
067_3 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 10691.99 2.25E+05 2.25E-13 3.77E-05 4.90E-05 5.40E-05 3.34E-05 2.58E-14 1053.15 95 334 
            
ORN-
067_3 
Time to Current Faceting 
    
 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
 
      
            
            
 Time to Full Faceting 
ORN-
067_4 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 4736.17 9.96E+04 9.96E-14 2.88E-05 3.74E-05 4.11E-05 2.54E-05 1.14E-14 1053.15 42 148 
MI3 4378.67 9.21E+04 9.21E-14 2.80E-05 3.64E-05 4.01E-05 2.48E-05 1.06E-14 1053.15 39 137 
            
 
Time to Current Faceting 
    
ORN-
067_4 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 468.17 9.95E+03 9.95E-15 1053.15 36 128  
    
MI3 377.67 8.03E+03 8.03E-15 1053.15 29 103  
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 Time to Full Faceting 
ORN-
067_5 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 3630.50 7.63E+04 7.63E-14 2.63E-05 3.42E-05 3.76E-05 2.33E-05 8.77E-15 1053.15 32 113 
MI3 29344.70 6.17E+05 6.17E-13 5.28E-05 6.87E-05 7.55E-05 4.67E-05 7.09E-14 1053.15 262 917 
MI4 3885.67 8.17E+04 8.17E-14 2.69E-05 3.50E-05 3.85E-05 2.38E-05 9.38E-15 1053.15 35 121 
MI5 675.00 1.42E+04 1.42E-14 1.50E-05 1.95E-05 2.15E-05 1.33E-05 1.63E-15 1053.15 6 21 
MI6 1361.17 2.86E+04 2.86E-14 1.90E-05 2.47E-05 2.71E-05 1.68E-05 3.29E-15 1053.15 12 43 
MI7 28051.15 5.90E+05 5.90E-13 5.20E-05 6.76E-05 7.44E-05 4.60E-05 6.77E-14 1053.15 251 877 
MI8 4732.00 9.95E+04 9.95E-14 2.87E-05 3.74E-05 4.11E-05 2.54E-05 1.14E-14 1053.15 42 148 
MI9 1512.83 3.18E+04 3.18E-14 1.97E-05 2.56E-05 2.81E-05 1.74E-05 3.65E-15 1053.15 14 47 
MI10 3777.67 7.94E+04 7.94E-14 2.67E-05 3.47E-05 3.81E-05 2.36E-05 9.12E-15 1053.15 34 118 
            
      
 
Time to Current Faceting 
    
ORN-
067_5 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI2 330.50 7.02E+03 7.02E-15 1053.15 26 90  
    
MI3 1938.67 4.12E+04 4.12E-14 1053.15 151 528  
    
MI4 280.67 5.97E+03 5.97E-15 1053.15 22 76  
    
MI5 106.00 2.25E+03 2.25E-15 1053.15 8 29  
    
MI6 145.17 3.09E+03 3.09E-15 1053.15 11 40  
    
MI7 1759.15 3.74E+04 3.74E-14 1053.15 137 479  
    
MI8 412.00 8.76E+03 8.76E-15 1053.15 32 112  
    
MI9 
    
   
    
MI10 352.67 7.50E+03 7.50E-15 1053.15 27 96  
    
            
            
 Time to Full Faceting 
ORN-
067_6 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 5688.17 1.20E+05 1.20E-13 3.06E-05 3.97E-05 4.37E-05 2.70E-05 1.37E-14 1053.15 51 178 
MI2 1459.17 3.07E+04 3.07E-14 1.94E-05 2.53E-05 2.78E-05 1.72E-05 3.52E-15 1053.15 13 46 
MI3 1976.33 4.16E+04 4.16E-14 2.15E-05 2.79E-05 3.07E-05 1.90E-05 4.77E-15 1053.15 18 62 
MI4 2020.33 4.25E+04 4.25E-14 2.16E-05 2.81E-05 3.10E-05 1.92E-05 4.88E-15 1053.15 18 63 
177 
 
Appendix D. continued 
            
MI5 1750.50 3.68E+04 3.68E-14 2.06E-05 2.68E-05 2.95E-05 1.83E-05 4.23E-15 1053.15 16 55 
MI6 1175.67 2.47E+04 2.47E-14 1.81E-05 2.35E-05 2.58E-05 1.60E-05 2.84E-15 1053.15 10 37 
MI7 630.00 1.32E+04 1.32E-14 1.47E-05 1.91E-05 2.10E-05 1.30E-05 1.52E-15 1053.15 6 20 
MI8 577.33 1.21E+04 1.21E-14 1.43E-05 1.85E-05 2.04E-05 1.26E-05 1.39E-15 1053.15 5 18 
            
 
Time to Current Faceting 
    
ORN-
067_6 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 351.16 7.46E+03 7.46E-15 1053.15 27 96  
    
MI2 150.17 3.19E+03 3.19E-15 1053.15 12 41  
    
MI3 183.33 3.90E+03 3.90E-15 1053.15 14 50  
    
MI4 203.33 4.32E+03 4.32E-15 1053.15 16 55  
    
MI5 187.50 3.99E+03 3.99E-15 1053.15 15 51  
    
MI6 135.67 2.88E+03 2.88E-15 1053.15 11 37  
    
MI7 97.00 2.06E+03 2.06E-15 1053.15 8 26  
    
MI8 90.33 1.92E+03 1.92E-15 1053.15 7 25  
    
      
  
    
 Time to Full Faceting 
ORN-
067_7 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 721.50 1.52E+04 1.52E-14 1.54E-05 2.00E-05 2.20E-05 1.36E-05 1.74E-15 1053.15 6 23 
MI2 652.50 1.37E+04 1.37E-14 1.49E-05 1.93E-05 2.12E-05 1.31E-05 1.58E-15 1053.15 6 20 
            
 
Time to Current Faceting 
    
ORN-
067_7 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 106.50 2.26E+03 2.26E-15 1053.15 8.29 29.02  
    
MI2 126.50 2.69E+03 2.69E-15 1053.15 9.85 34.47  
    
      
  
    
            
 Time to Full Faceting 
ORN-
067_8 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 2.40E+03 5.05E+04 5.05E-14 2.29E-05 2.98E-05 3.28E-05 2.03E-05 5.80E-15 1053.15 21 75 
MI3 8.15E+02 1.71E+04 1.71E-14 1.60E-05 2.08E-05 2.29E-05 1.41E-05 1.97E-15 1053.15 7 25 
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Time to Current Faceting 
    
ORN-
067_8 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 106.50 2.26E+03 2.26E-15 1053.15 8.29 29.02  
    
MI2 126.50 2.69E+03 2.69E-15 1053.15 9.85 34.47  
    
            
            
 Time to Full Faceting 
ORN-
067_9 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 853.83 1.80E+04 1.80E-14 1.62E-05 2.11E-05 2.32E-05 1.44E-05 2.06E-15 1053.15 8 27 
MI2 692.50 1.46E+04 1.46E-14 1.51E-05 1.97E-05 2.17E-05 1.34E-05 1.67E-15 1053.15 6 22 
MI3 408.00 8.58E+03 8.58E-15 1.27E-05 1.65E-05 1.82E-05 1.12E-05 9.85E-16 1053.15 4 13 
MI4 478.17 1.01E+04 1.01E-14 1.34E-05 1.74E-05 1.92E-05 1.18E-05 1.15E-15 1053.15 4 15 
            
 
Time to Current Faceting 
    
ORN-
067_9 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 122.83 2.61E+03 2.61E-15 1053.15 10 33  
    
MI2 102.50 2.18E+03 2.18E-15 1053.15 8 28  
    
MI3 73.00 1.55E+03 1.55E-15 1053.15 6 20  
    
MI4 87.17 1.85E+03 1.85E-15 1053.15 7 24  
    
            
            
 Time to Full Faceting 
ORN-
067_10 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 
30603.3339
8 
6.43E+05 6.43E-13 5.36E-05 6.96E-05 7.66E-05 4.74E-05 7.39E-14 1053.15 273 957 
            
 
Time to Current Faceting 
    
ORN-
067_10 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
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 Time to Full Faceting 
ORN-
067_11 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 606.00 1.27E+04 1.27E-14 1.45E-05 1.88E-05 2.07E-05 1.28E-05 1.46E-15 1053.15 5 19 
MI2 1203.67 2.53E+04 2.53E-14 1.82E-05 2.37E-05 2.61E-05 1.61E-05 2.91E-15 1053.15 11 38 
MI3 297.33 6.25E+03 6.25E-15 1.14E-05 1.49E-05 1.63E-05 1.01E-05 7.18E-16 1053.15 3 9 
MI4 1267.50 2.66E+04 2.66E-14 1.85E-05 2.41E-05 2.65E-05 1.64E-05 3.06E-15 1053.15 11 40 
            
 
Time to Current Faceting 
    
ORN-
067_11 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 72.00 1.53E+03 1.53E-15 1053.15 6 20  
    
MI2 134.67 2.86E+03 2.86E-15 1053.15 10 37  
    
MI3 
    
   
    
MI4 140.50 2.99E+03 2.99E-15 1053.15 11 38  
    
            
            
 Time to Full Faceting 
ORN-
067_12 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 377.33 7.93E+03 7.93E-15 1.24E-05 1.61E-05 1.77E-05 1.09E-05 9.11E-16 1053.15 3 12 
MI2 607.83 1.28E+04 1.28E-14 1.45E-05 1.89E-05 2.07E-05 1.28E-05 1.47E-15 1053.15 5 19 
MI3 316.83 6.66E+03 6.66E-15 1.17E-05 1.52E-05 1.67E-05 1.03E-05 7.65E-16 1053.15 3 10 
MI4 1132.00 2.38E+04 2.38E-14 1.78E-05 2.32E-05 2.55E-05 1.58E-05 2.73E-15 1053.15 10 35 
            
 
Time to Current Faceting 
    
ORN-
067_12 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
   
    
MI2 97.83 2.08E+03 2.08E-15 1053.15 8 27  
    
MI3 
    
   
    
MI4 151.00 3.21E+03 3.21E-15 1053.15 12 41  
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 Time to Full Faceting 
ORN-
067_13 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 756.00 1.59E+04 1.59E-14 1.56E-05 2.03E-05 2.23E-05 1.38E-05 1.83E-15 1053.15 7 24 
MI2 2581.17 5.43E+04 5.43E-14 2.35E-05 3.05E-05 3.36E-05 2.08E-05 6.23E-15 1053.15 23 81 
MI3 298.67 6.28E+03 6.28E-15 1.14E-05 1.49E-05 1.64E-05 1.01E-05 7.21E-16 1053.15 3 9 
MI4 538.50 1.13E+04 1.13E-14 1.39E-05 1.81E-05 1.99E-05 1.23E-05 1.30E-15 1053.15 5 17 
MI5 476.17 1.00E+04 1.00E-14 1.34E-05 1.74E-05 1.91E-05 1.18E-05 1.15E-15 1053.15 4 15 
            
 
Time to Current Faceting 
    
ORN-
067_13 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 105.00 2.23E+03 2.23E-15 1053.15 8 29  
    
MI2 
    
   
    
MI3 55.67 1.18E+03 1.18E-15 1053.15 4 15  
    
MI4 85.50 1.82E+03 1.82E-15 1053.15 7 23  
    
MI5 81.17 1.73E+03 1.73E-15 1053.15 6 22  
    
            
            
 Time to Full Faceting 
ORN-
067_14 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 341.67 7.18E+03 7.18E-15 1.20E-05 1.56E-05 1.71E-05 1.06E-05 8.25E-16 1053.15 3 11 
            
 
Time to Current Faceting 
    
ORN-
067_14 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 61.67 1.31E+03 1.31E-15 1053.15 5 17  
    
     
 
      
            
 Time to Full Faceting 
ORN-
067_15 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI3 2700.17 5.68E+04 5.68E-14 2.38E-05 3.10E-05 3.41E-05 2.11E-05 6.52E-15 1053.15 24 84 
MI4 421.33 8.86E+03 8.86E-15 1.28E-05 1.67E-05 1.84E-05 1.14E-05 1.02E-15 1053.15 4 13 
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MI5 355.00 7.46E+03 7.46E-15 1.21E-05 1.58E-05 1.73E-05 1.07E-05 8.57E-16 1053.15 3 11 
MI6 224.33 4.72E+03 4.72E-15 1.04E-05 1.35E-05 1.49E-05 9.20E-06 5.42E-16 1053.15 2 7 
MI8 582.67 1.23E+04 1.23E-14 1.43E-05 1.86E-05 2.05E-05 1.27E-05 1.41E-15 1053.15 5 18 
            
 
Time to Current Faceting 
    
ORN-
067_15 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI3 223.17 4.74E+03 4.74E-15 1053.15 17 61  
    
MI4 71.33 1.52E+03 1.52E-15 1053.15 6 19  
    
MI5 59.00 1.25E+03 1.25E-15 1053.15 5 16  
    
MI6 60.33 1.28E+03 1.28E-15 1053.15 5 16  
    
MI8 74.82 1.59E+03 1.59E-15 1053.15 6 20  
    
            
            
 Time to Full Faceting 
F815-xl827 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 67286.20 1.43E+06 1.43E-12 6.99E-05 9.09E-05 1.00E-04 6.18E-05 1.64E-13 1023.15 590 2066 
MI2 44604.66 9.48E+05 9.48E-13 6.09E-05 7.92E-05 8.72E-05 5.39E-05 1.09E-13 1023.15 391 1369 
MI3 17427.50 3.70E+05 3.70E-13 4.46E-05 5.79E-05 6.37E-05 3.94E-05 4.25E-14 1023.15 153 535 
MI4 22432.20 4.77E+05 4.77E-13 4.85E-05 6.30E-05 6.93E-05 4.29E-05 5.48E-14 1023.15 197 689 
MI5 8387.50 1.78E+05 1.78E-13 3.49E-05 4.54E-05 4.99E-05 3.09E-05 2.05E-14 1023.15 74 257 
MI6 2383.00 5.06E+04 5.06E-14 2.30E-05 2.98E-05 3.28E-05 2.03E-05 5.82E-15 1023.15 21 73 
MI7 7307.50 1.55E+05 1.55E-13 3.33E-05 4.34E-05 4.77E-05 2.95E-05 1.78E-14 1023.15 64 224 
MI8 3786.67 8.05E+04 8.05E-14 2.68E-05 3.48E-05 3.83E-05 2.37E-05 9.24E-15 1023.15 33 116 
MI9 1545.50 3.28E+04 3.28E-14 1.99E-05 2.58E-05 2.84E-05 1.76E-05 3.77E-15 1023.15 14 47 
MI11 502.17 1.07E+04 1.07E-14 1.37E-05 1.78E-05 1.95E-05 1.21E-05 1.23E-15 1023.15 4 15 
MI12 27469.34 5.84E+05 5.84E-13 5.18E-05 6.74E-05 7.42E-05 4.59E-05 6.71E-14 1023.15 241 843 
MI14 4616.00 9.81E+04 9.81E-14 2.86E-05 3.72E-05 4.09E-05 2.53E-05 1.13E-14 1023.15 40 142 
MI15 13339.66 2.84E+05 2.84E-13 4.08E-05 5.30E-05 5.83E-05 3.61E-05 3.26E-14 1023.15 117 410 
MI16 3466.17 7.37E+04 7.37E-14 2.60E-05 3.38E-05 3.72E-05 2.30E-05 8.46E-15 1023.15 30 106 
MI17 18706.34 3.98E+05 3.98E-13 4.56E-05 5.93E-05 6.52E-05 4.04E-05 4.57E-14 1023.15 164 574 
MI18 38739.68 8.23E+05 8.23E-13 5.81E-05 7.56E-05 8.32E-05 5.14E-05 9.46E-14 1023.15 340 1189 
MI19 2830.50 6.02E+04 6.02E-14 2.43E-05 3.16E-05 3.48E-05 2.15E-05 6.91E-15 1023.15 25 87 
MI21 1520.50 3.23E+04 3.23E-14 1.98E-05 2.57E-05 2.83E-05 1.75E-05 3.71E-15 1023.15 13 47 
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MI22 16399.49 3.49E+05 3.49E-13 4.37E-05 5.68E-05 6.24E-05 3.86E-05 4.00E-14 1023.15 144 503 
MI23 11579.17 2.46E+05 2.46E-13 3.89E-05 5.05E-05 5.56E-05 3.44E-05 2.83E-14 1023.15 102 355 
MI24 905.17 1.92E+04 1.92E-14 1.66E-05 2.16E-05 2.38E-05 1.47E-05 2.21E-15 1023.15 8 28 
MI25 5671.83 1.21E+05 1.21E-13 3.06E-05 3.98E-05 4.38E-05 2.71E-05 1.38E-14 1023.15 50 174 
MI26 12625.33 2.68E+05 2.68E-13 4.00E-05 5.20E-05 5.72E-05 3.54E-05 3.08E-14 1023.15 111 388 
            
 
Time to Current Faceting 
    
F815-xl827 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
   
    
MI2 
    
   
    
MI3 
    
   
    
MI4 
    
   
    
MI5 574.50 1.22E+04 1.22E-14 1023.15 44 154  
    
MI6 39.00 8.29E+02 8.29E-16 1023.15 3 10  
    
MI7 515.50 1.10E+04 1.10E-14 1023.15 39 138  
    
MI8 319.67 6.79E+03 6.79E-15 1023.15 24 85  
    
MI9 168.50 3.58E+03 3.58E-15 1023.15 13 45  
    
MI11 73.17 1.56E+03 1.56E-15 1023.15 6 20  
    
MI12 1874.33 3.98E+04 3.98E-14 1023.15 143 501  
    
MI14 329.00 6.99E+03 6.99E-15 1023.15 25 88  
    
MI15 888.66 1.89E+04 1.89E-14 1023.15 68 238  
    
MI16 262.17 5.57E+03 5.57E-15 1023.15 20 70  
    
MI17 1181.34 2.51E+04 2.51E-14 1023.15 90 316  
    
MI18 2462.66 5.23E+04 5.23E-14 1023.15 188 658  
    
MI19 221.50 4.71E+03 4.71E-15 1023.15 17 59  
    
MI21 130.50 2.77E+03 2.77E-15 1023.15 10 35  
    
MI22 1057.50 2.25E+04 2.25E-14 1023.15 81 283  
    
MI23 737.17 1.57E+04 1.57E-14 1023.15 56 197  
    
MI24 106.17 2.26E+03 2.26E-15 1023.15 8 28  
    
MI25 338.84 7.20E+03 7.20E-15 1023.15 26 91  
    
MI26 895.33 1.90E+04 1.90E-14 1023.15 68 239  
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 Time to Full Faceting 
F815-xl830 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 9317 1.98E+05 1.98E-13 3.62E-05 4.70E-05 5.17E-05 3.20E-05 2.27E-14 1023.15 82 286 
MI2 4997 1.06E+05 1.06E-13 2.94E-05 3.82E-05 4.20E-05 2.60E-05 1.22E-14 1023.15 44 153 
MI3 440 9.34E+03 9.34E-15 1.31E-05 1.70E-05 1.87E-05 1.16E-05 1.07E-15 1023.15 4 13 
MI4 66627 1.42E+06 1.42E-12 6.97E-05 9.06E-05 9.96E-05 6.16E-05 1.63E-13 1023.15 584 2045 
MI5 377 8.01E+03 8.01E-15 1.24E-05 1.61E-05 1.78E-05 1.10E-05 9.20E-16 1023.15 3 12 
MI7 463 9.84E+03 9.84E-15 1.33E-05 1.73E-05 1.90E-05 1.18E-05 1.13E-15 1023.15 4 14 
MI8 1867 3.97E+04 3.97E-14 2.12E-05 2.75E-05 3.03E-05 1.87E-05 4.56E-15 1023.15 16 57 
MI9 556 1.18E+04 1.18E-14 1.41E-05 1.84E-05 2.02E-05 1.25E-05 1.36E-15 1023.15 5 17 
MI10 1999 4.25E+04 4.25E-14 2.16E-05 2.81E-05 3.10E-05 1.92E-05 4.88E-15 1023.15 18 61 
MI11 2136 4.54E+04 4.54E-14 2.21E-05 2.88E-05 3.17E-05 1.96E-05 5.22E-15 1023.15 19 66 
MI12 5692 1.21E+05 1.21E-13 3.07E-05 3.99E-05 4.39E-05 2.71E-05 1.39E-14 1023.15 50 175 
MI13 825 1.75E+04 1.75E-14 1.61E-05 2.10E-05 2.31E-05 1.43E-05 2.01E-15 1023.15 7 25 
MI15 1207 2.57E+04 2.57E-14 1.83E-05 2.38E-05 2.62E-05 1.62E-05 2.95E-15 1023.15 11 37 
MI6 9499 2.02E+05 2.02E-13 3.64E-05 4.73E-05 5.21E-05 3.22E-05 2.32E-14 1023.15 83 292 
            
 
Time to Current Faceting 
    
F815-xl830 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 4615.18 9.81E+04 9.81E-14 1023.15 352 1234  
    
MI2 540.50 1.15E+04 1.15E-14 1023.15 41 144  
    
MI3 76.67 1.63E+03 1.63E-15 1023.15 6 20  
    
MI4 6495.28 1.38E+05 1.38E-13 1023.15 496 1736  
    
MI5 66.83 1.42E+03 1.42E-15 1023.15 5 18  
    
MI7 84.17 1.79E+03 1.79E-15 1023.15 6 22  
    
MI8 222.67 4.73E+03 4.73E-15 1023.15 17 60  
    
MI9 98.50 2.09E+03 2.09E-15 1023.15 8 26  
    
MI10 231.50 4.92E+03 4.92E-15 1023.15 18 62  
    
MI11 222.17 4.72E+03 4.72E-15 1023.15 17 59  
    
MI12 435.00 9.25E+03 9.25E-15 1023.15 33 116  
    
MI13 114.00 2.42E+03 2.42E-15 1023.15 9 30  
    
MI15 113.17 2.41E+03 2.41E-15 1023.15 9 30  
    
MI6 1352.50 2.87E+04 2.87E-14 1023.15 103 361  
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 Time to Full Faceting 
F815-xl831 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 156.67 3.33E+03 3.33E-15 9.26E-06 1.20E-05 1.33E-05 8.20E-06 3.82E-16 1023.15 1 5 
MI3 1983.17 4.22E+04 4.22E-14 2.16E-05 2.81E-05 3.09E-05 1.91E-05 4.84E-15 1023.15 17 61 
MI4 1055.67 2.24E+04 2.24E-14 1.75E-05 2.28E-05 2.50E-05 1.55E-05 2.58E-15 1023.15 9 32 
MI6 5161.67 1.10E+05 1.10E-13 2.97E-05 3.86E-05 4.25E-05 2.63E-05 1.26E-14 1023.15 45 158 
MI7 5002.00 1.06E+05 1.06E-13 2.94E-05 3.82E-05 4.20E-05 2.60E-05 1.22E-14 1023.15 44 154 
MI8 17899.82 3.80E+05 3.80E-13 4.50E-05 5.84E-05 6.43E-05 3.98E-05 4.37E-14 1023.15 157 550 
MI9 19026.84 4.04E+05 4.04E-13 4.59E-05 5.96E-05 6.56E-05 4.06E-05 4.65E-14 1023.15 167 584 
MI10 2068.33 4.40E+04 4.40E-14 2.19E-05 2.85E-05 3.13E-05 1.94E-05 5.05E-15 1023.15 18 63 
MI13 32444.01 6.90E+05 6.90E-13 5.48E-05 7.13E-05 7.84E-05 4.85E-05 7.92E-14 1023.15 285 996 
MI14 4017.83 8.54E+04 8.54E-14 2.73E-05 3.55E-05 3.91E-05 2.42E-05 9.81E-15 1023.15 35 123 
MI15 2268.00 4.82E+04 4.82E-14 2.26E-05 2.94E-05 3.23E-05 2.00E-05 5.54E-15 1023.15 20 70 
MI16 520.50 1.11E+04 1.11E-14 1.38E-05 1.80E-05 1.98E-05 1.22E-05 1.27E-15 1023.15 5 16 
MI17 1020.50 2.17E+04 2.17E-14 1.73E-05 2.25E-05 2.47E-05 1.53E-05 2.49E-15 1023.15 9 31 
MI18 15283.33 3.25E+05 3.25E-13 4.26E-05 5.54E-05 6.10E-05 3.77E-05 3.73E-14 1023.15 134 469 
MI19 10844.35 2.30E+05 2.30E-13 3.80E-05 4.95E-05 5.44E-05 3.37E-05 2.65E-14 1023.15 95 333 
MI20 1169.17 2.48E+04 2.48E-14 1.81E-05 2.35E-05 2.59E-05 1.60E-05 2.85E-15 1023.15 10 36 
MI21 4179.00 8.88E+04 8.88E-14 2.77E-05 3.60E-05 3.96E-05 2.45E-05 1.02E-14 1023.15 37 128 
MI22 4008.50 8.52E+04 8.52E-14 2.73E-05 3.55E-05 3.90E-05 2.42E-05 9.79E-15 1023.15 35 123 
MI23 1032.50 2.19E+04 2.19E-14 1.74E-05 2.26E-05 2.48E-05 1.54E-05 2.52E-15 1023.15 9 32 
MI24 1118.83 2.38E+04 2.38E-14 1.78E-05 2.32E-05 2.55E-05 1.58E-05 2.73E-15 1023.15 10 34 
MI25 1710.17 3.63E+04 3.63E-14 2.05E-05 2.67E-05 2.94E-05 1.82E-05 4.18E-15 1023.15 15 53 
MI26 2543.33 5.41E+04 5.41E-14 2.35E-05 3.05E-05 3.36E-05 2.08E-05 6.21E-15 1023.15 22 78 
MI27 2591.83 5.51E+04 5.51E-14 2.36E-05 3.07E-05 3.38E-05 2.09E-05 6.33E-15 1023.15 23 80 
MI28 1447.33 3.08E+04 3.08E-14 1.94E-05 2.53E-05 2.78E-05 1.72E-05 3.53E-15 1023.15 13 44 
MI29 1989.83 4.23E+04 4.23E-14 2.16E-05 2.81E-05 3.09E-05 1.91E-05 4.86E-15 1023.15 17 61 
MI30 1757.00 3.73E+04 3.73E-14 2.07E-05 2.70E-05 2.97E-05 1.83E-05 4.29E-15 1023.15 15 54 
MI31 836.33 1.78E+04 1.78E-14 1.62E-05 2.11E-05 2.32E-05 1.43E-05 2.04E-15 1023.15 7 26 
MI32 10538.00 2.24E+05 2.24E-13 3.77E-05 4.90E-05 5.39E-05 3.33E-05 2.57E-14 1023.15 92 324 
            
 
Time to Current Faceting 
    
F815-xl831 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
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MI2 33.67 7.16E+02 7.16E-16 1023.15 3 9  
    
MI3 205.17 4.36E+03 4.36E-15 1023.15 16 55  
    
MI4 129.67 2.76E+03 2.76E-15 1023.15 10 35  
    
MI6 
    
   
    
MI7 517.00 1.10E+04 1.10E-14 1023.15 39 138  
    
MI8 1691.83 3.60E+04 3.60E-14 1023.15 129 452  
    
MI9 1925.83 4.09E+04 4.09E-14 1023.15 147 515  
    
MI10 240.33 5.11E+03 5.11E-15 1023.15 18 64  
    
MI13 2738.03 5.82E+04 5.82E-14 1023.15 209 732  
    
MI14 277.83 5.91E+03 5.91E-15 1023.15 21 74  
    
MI15 216.00 4.59E+03 4.59E-15 1023.15 16 58  
    
MI16 74.50 1.58E+03 1.58E-15 1023.15 6 20  
    
MI17 126.50 2.69E+03 2.69E-15 1023.15 10 34  
    
MI18 1209.33 2.57E+04 2.57E-14 1023.15 92 323  
    
MI19 990.34 2.10E+04 2.10E-14 1023.15 76 265  
    
MI20 124.17 2.64E+03 2.64E-15 1023.15 9 33  
    
MI21 354.00 7.52E+03 7.52E-15 1023.15 27 95  
    
MI22 323.50 6.88E+03 6.88E-15 1023.15 25 86  
    
MI23 129.50 2.75E+03 2.75E-15 1023.15 10 35  
    
MI24 153.83 3.27E+03 3.27E-15 1023.15 12 41  
    
MI25 196.17 4.17E+03 4.17E-15 1023.15 15 52  
    
MI26 260.33 5.53E+03 5.53E-15 1023.15 20 70  
    
MI27 308.83 6.56E+03 6.56E-15 1023.15 24 83  
    
MI28 130.33 2.77E+03 2.77E-15 1023.15 10 35  
    
MI29 212.83 4.52E+03 4.52E-15 1023.15 16 57  
    
MI30 
    
   
    
MI31 131.33 2.79E+03 2.79E-15 1023.15 10 35  
    
MI32 1077.01 2.29E+04 2.29E-14 1023.15 82 288  
    
            
            
 Time to Full Faceting 
F815-xl013 voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 27755.50 5.90E+05 5.90E-13 5.20E-05 6.76E-05 7.44E-05 4.60E-05 6.78E-14 1023.15 243 852 
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MI2 27587.83 5.86E+05 5.86E-13 5.19E-05 6.75E-05 7.43E-05 4.59E-05 6.74E-14 1023.15 242 847 
MI3 1126.17 2.39E+04 2.39E-14 1.79E-05 2.32E-05 2.56E-05 1.58E-05 2.75E-15 1023.15 10 35 
MI4 947.67 2.01E+04 2.01E-14 1.69E-05 2.19E-05 2.41E-05 1.49E-05 2.31E-15 1023.15 8 29 
MI5 1.05 2.22E+01 2.22E-17 1.74E-06 2.27E-06 2.50E-06 1.54E-06 2.55E-18 1023.15 0 0 
MI6 542.50 1.15E+04 1.15E-14 1.40E-05 1.82E-05 2.00E-05 1.24E-05 1.32E-15 1023.15 5 17 
MI8 1158.67 2.46E+04 2.46E-14 1.80E-05 2.35E-05 2.58E-05 1.60E-05 2.83E-15 1023.15 10 36 
MI9 292.83 6.22E+03 6.22E-15 1.14E-05 1.48E-05 1.63E-05 1.01E-05 7.15E-16 1023.15 3 9 
MI10 2916.00 6.20E+04 6.20E-14 2.45E-05 3.19E-05 3.51E-05 2.17E-05 7.12E-15 1023.15 26 90 
MI11 679.67 1.44E+04 1.44E-14 1.51E-05 1.96E-05 2.16E-05 1.34E-05 1.66E-15 1023.15 6 21 
MI12 2966.00 6.30E+04 6.30E-14 2.47E-05 3.21E-05 3.53E-05 2.18E-05 7.24E-15 1023.15 26 91 
MI13 14553.83 3.09E+05 3.09E-13 4.20E-05 5.46E-05 6.00E-05 3.71E-05 3.55E-14 1023.15 128 447 
MI14 4169.66 8.86E+04 8.86E-14 2.77E-05 3.60E-05 3.96E-05 2.45E-05 1.02E-14 1023.15 37 128 
MI15 25790.32 5.48E+05 5.48E-13 5.08E-05 6.60E-05 7.26E-05 4.49E-05 6.30E-14 1023.15 226 792 
MI16 4109.33 8.73E+04 8.73E-14 2.75E-05 3.58E-05 3.94E-05 2.44E-05 1.00E-14 1023.15 36 126 
MI17 219.00 4.65E+03 4.65E-15 1.04E-05 1.35E-05 1.48E-05 9.16E-06 5.35E-16 1023.15 2 7 
MI18 5072.83 1.08E+05 1.08E-13 2.95E-05 3.84E-05 4.22E-05 2.61E-05 1.24E-14 1023.15 44 156 
MI19 2814.50 5.98E+04 5.98E-14 2.43E-05 3.15E-05 3.47E-05 2.15E-05 6.87E-15 1023.15 25 86 
MI20 628.17 1.34E+04 1.34E-14 1.47E-05 1.91E-05 2.11E-05 1.30E-05 1.53E-15 1023.15 6 19 
MI21 5058.00 1.08E+05 1.08E-13 2.95E-05 3.84E-05 4.22E-05 2.61E-05 1.23E-14 1023.15 44 155 
MI22 675.00 1.43E+04 1.43E-14 1.51E-05 1.96E-05 2.16E-05 1.33E-05 1.65E-15 1023.15 6 21 
MI23 565.00 1.20E+04 1.20E-14 1.42E-05 1.85E-05 2.03E-05 1.26E-05 1.38E-15 1023.15 5 17 
MI24 724.67 1.54E+04 1.54E-14 1.54E-05 2.01E-05 2.21E-05 1.37E-05 1.77E-15 1023.15 6 22 
MI25 1492.33 3.17E+04 3.17E-14 1.96E-05 2.55E-05 2.81E-05 1.74E-05 3.64E-15 1023.15 13 46 
MI26 827.00 1.76E+04 1.76E-14 1.61E-05 2.10E-05 2.31E-05 1.43E-05 2.02E-15 1023.15 7 25 
MI27 826.00 1.76E+04 1.76E-14 1.61E-05 2.10E-05 2.31E-05 1.43E-05 2.02E-15 1023.15 7 25 
MI28 2702.67 5.74E+04 5.74E-14 2.39E-05 3.11E-05 3.42E-05 2.12E-05 6.60E-15 1023.15 24 83 
MI29 11284.99 2.40E+05 2.40E-13 3.85E-05 5.01E-05 5.51E-05 3.41E-05 2.75E-14 1023.15 99 346 
MI30 3956.83 8.41E+04 8.41E-14 2.72E-05 3.53E-05 3.89E-05 2.40E-05 9.66E-15 1023.15 35 121 
MI31 6518.84 1.39E+05 1.39E-13 3.21E-05 4.17E-05 4.59E-05 2.84E-05 1.59E-14 1023.15 57 200 
MI32 920.17 1.96E+04 1.96E-14 1.67E-05 2.17E-05 2.39E-05 1.48E-05 2.25E-15 1023.15 8 28 
MI33 1126.17 2.39E+04 2.39E-14 1.79E-05 2.32E-05 2.56E-05 1.58E-05 2.75E-15 1023.15 10 35 
MI34 1676.83 3.56E+04 3.56E-14 2.04E-05 2.65E-05 2.92E-05 1.81E-05 4.09E-15 1023.15 15 51 
MI35 1736.00 3.69E+04 3.69E-14 2.07E-05 2.69E-05 2.95E-05 1.83E-05 4.24E-15 1023.15 15 53 
MI36 755.67 1.61E+04 1.61E-14 1.57E-05 2.04E-05 2.24E-05 1.38E-05 1.84E-15 1023.15 7 23 
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MI37 3499.17 7.44E+04 7.44E-14 2.61E-05 3.39E-05 3.73E-05 2.31E-05 8.54E-15 1023.15 31 107 
MI38 1998.67 4.25E+04 4.25E-14 2.16E-05 2.81E-05 3.10E-05 1.92E-05 4.88E-15 1023.15 18 61 
MI39 773.17 1.64E+04 1.64E-14 1.58E-05 2.05E-05 2.26E-05 1.40E-05 1.89E-15 1023.15 7 24 
MI40 435.83 9.26E+03 9.26E-15 1.30E-05 1.69E-05 1.86E-05 1.15E-05 1.06E-15 1023.15 4 13 
MI42 1481.00 3.15E+04 3.15E-14 1.96E-05 2.55E-05 2.80E-05 1.73E-05 3.62E-15 1023.15 13 45 
MI43 4443.83 9.44E+04 9.44E-14 2.83E-05 3.67E-05 4.04E-05 2.50E-05 1.08E-14 1023.15 39 136 
MI45 380.50 8.09E+03 8.09E-15 1.25E-05 1.62E-05 1.78E-05 1.10E-05 9.29E-16 1023.15 3 12 
MI46 537.50 1.14E+04 1.14E-14 1.40E-05 1.82E-05 2.00E-05 1.24E-05 1.31E-15 1023.15 5 17 
MI47 842.33 1.79E+04 1.79E-14 1.62E-05 2.11E-05 2.32E-05 1.44E-05 2.06E-15 1023.15 7 26 
MI48 11920.83 2.53E+05 2.53E-13 3.93E-05 5.10E-05 5.62E-05 3.47E-05 2.91E-14 1023.15 105 366 
            
 
Time to Current Faceting 
    
F815-xl013 ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
   
    
MI2 2209.83 4.70E+04 4.70E-14 1023.15 169 591  
    
MI3 130.17 2.77E+03 2.77E-15 1023.15 10 35  
    
MI4 116.67 2.48E+03 2.48E-15 1023.15 9 31  
    
MI5 167.67 3.56E+03 3.56E-15 1023.15 13 45  
    
MI6 70.50 1.50E+03 1.50E-15 1023.15 5 19  
    
MI8 106.67 2.27E+03 2.27E-15 1023.15 8 29  
    
MI9 48.83 1.04E+03 1.04E-15 1023.15 4 13  
    
MI10 234.00 4.97E+03 4.97E-15 1023.15 18 63  
    
MI11 95.67 2.03E+03 2.03E-15 1023.15 7 26  
    
MI12 238.00 5.06E+03 5.06E-15 1023.15 18 64  
    
MI13 1209.84 2.57E+04 2.57E-14 1023.15 92 323  
    
MI14 351.67 7.47E+03 7.47E-15 1023.15 27 94  
    
MI15 
    
   
    
MI16 366.33 7.79E+03 7.79E-15 1023.15 28 98  
    
MI17 41.00 8.71E+02 8.71E-16 1023.15 3 11  
    
MI18 416.83 8.86E+03 8.86E-15 1023.15 32 111  
    
MI19 247.50 5.26E+03 5.26E-15 1023.15 19 66  
    
MI20 75.17 1.60E+03 1.60E-15 1023.15 6 20  
    
MI21 1134.00 2.41E+04 2.41E-14 1023.15 87 303  
    
MI22 80.00 1.70E+03 1.70E-15 1023.15 6 21  
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MI23 72.00 1.53E+03 1.53E-15 1023.15 5 19  
    
MI24 86.67 1.84E+03 1.84E-15 1023.15 7 23  
    
MI25 159.33 3.39E+03 3.39E-15 1023.15 12 43  
    
MI26 97.00 2.06E+03 2.06E-15 1023.15 7 26  
    
MI27 93.00 1.98E+03 1.98E-15 1023.15 7 25  
    
MI28 259.67 5.52E+03 5.52E-15 1023.15 20 69  
    
MI29 887.99 1.89E+04 1.89E-14 1023.15 68 237  
    
MI30 318.83 6.78E+03 6.78E-15 1023.15 24 85  
    
MI31 563.83 1.20E+04 1.20E-14 1023.15 43 151  
    
MI32 100.17 2.13E+03 2.13E-15 1023.15 8 27  
    
MI33 
    
   
    
MI34 137.83 2.93E+03 2.93E-15 1023.15 11 37  
    
MI35 170.00 3.61E+03 3.61E-15 1023.15 13 45  
    
MI36 89.67 1.91E+03 1.91E-15 1023.15 7 24  
    
MI37 281.17 5.98E+03 5.98E-15 1023.15 21 75  
    
MI38 165.67 3.52E+03 3.52E-15 1023.15 13 44  
    
MI39 88.17 1.87E+03 1.87E-15 1023.15 7 24  
    
MI40 57.83 1.23E+03 1.23E-15 1023.15 4 15  
    
MI42 
    
   
    
MI43 378.83 8.05E+03 8.05E-15 1023.15 29 101  
    
MI45 162.50 3.45E+03 3.45E-15 1023.15 12 43  
    
MI46 65.50 1.39E+03 1.39E-15 1023.15 5 18  
    
MI47 105.33 2.24E+03 2.24E-15 1023.15 8 28  
    
MI48 1108.83 2.36E+04 2.36E-14 1023.15 85 296  
    
            
            
 Time to Full Faceting 
BC17-
Ia15_42 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 6390.50 1.36E+05 1.36E-13 3.19E-05 4.15E-05 4.56E-05 2.82E-05 1.56E-14 1023.15 56 196 
MI2 3359.00 7.14E+04 7.14E-14 2.57E-05 3.35E-05 3.68E-05 2.28E-05 8.20E-15 1023.15 29 103 
MI3 2720.67 5.78E+04 5.78E-14 2.40E-05 3.12E-05 3.43E-05 2.12E-05 6.64E-15 1023.15 24 84 
MI4 5247.00 1.12E+05 1.12E-13 2.99E-05 3.88E-05 4.27E-05 2.64E-05 1.28E-14 1023.15 46 161 
MI5 2010.67 4.27E+04 4.27E-14 2.17E-05 2.82E-05 3.10E-05 1.92E-05 4.91E-15 1023.15 18 62 
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MI6 569.33 1.21E+04 1.21E-14 1.42E-05 1.85E-05 2.04E-05 1.26E-05 1.39E-15 1023.15 5 17 
MI7 402.17 8.55E+03 8.55E-15 1.27E-05 1.65E-05 1.81E-05 1.12E-05 9.82E-16 1023.15 4 12 
MI8 858.67 1.83E+04 1.83E-14 1.63E-05 2.12E-05 2.34E-05 1.45E-05 2.10E-15 1023.15 8 26 
MI9 264.67 5.63E+03 5.63E-15 1.10E-05 1.43E-05 1.58E-05 9.76E-06 6.46E-16 1023.15 2 8 
MI10 866.33 1.84E+04 1.84E-14 1.64E-05 2.13E-05 2.34E-05 1.45E-05 2.11E-15 1023.15 8 27 
MI11 2863.67 6.09E+04 6.09E-14 2.44E-05 3.17E-05 3.49E-05 2.16E-05 6.99E-15 1023.15 25 88 
MI12 4015.50 8.53E+04 8.53E-14 2.73E-05 3.55E-05 3.91E-05 2.42E-05 9.80E-15 1023.15 35 123 
MI13 1711.17 3.64E+04 3.64E-14 2.06E-05 2.67E-05 2.94E-05 1.82E-05 4.18E-15 1023.15 15 53 
MI14 573.17 1.22E+04 1.22E-14 1.43E-05 1.86E-05 2.04E-05 1.26E-05 1.40E-15 1023.15 5 18 
MI16 728.17 1.55E+04 1.55E-14 1.55E-05 2.01E-05 2.21E-05 1.37E-05 1.78E-15 1023.15 6 22 
MI17 6003.50 1.28E+05 1.28E-13 3.12E-05 4.06E-05 4.47E-05 2.76E-05 1.47E-14 1023.15 53 184 
MI18 6413.50 1.36E+05 1.36E-13 3.19E-05 4.15E-05 4.57E-05 2.82E-05 1.57E-14 1023.15 56 197 
MI19 475.50 1.01E+04 1.01E-14 1.34E-05 1.74E-05 1.92E-05 1.19E-05 1.16E-15 1023.15 4 15 
MI20 1534.67 3.26E+04 3.26E-14 1.98E-05 2.58E-05 2.84E-05 1.75E-05 3.75E-15 1023.15 13 47 
MI21 628.17 1.34E+04 1.34E-14 1.47E-05 1.91E-05 2.11E-05 1.30E-05 1.53E-15 1023.15 6 19 
MI22 4468.50 9.50E+04 9.50E-14 2.83E-05 3.68E-05 4.05E-05 2.50E-05 1.09E-14 1023.15 39 137 
MI23 659.17 1.40E+04 1.40E-14 1.50E-05 1.94E-05 2.14E-05 1.32E-05 1.61E-15 1023.15 6 20 
MI24 3144.17 6.68E+04 6.68E-14 2.52E-05 3.27E-05 3.60E-05 2.23E-05 7.68E-15 1023.15 28 97 
MI25 655.67 1.39E+04 1.39E-14 1.49E-05 1.94E-05 2.14E-05 1.32E-05 1.60E-15 1023.15 6 20 
            
 
Time to Current Faceting 
    
BC17-
Ia15_42 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
   
    
MI2 298.00 6.33E+03 6.33E-15 1023.15 23 80  
    
MI3 272.67 5.80E+03 5.80E-15 1023.15 21 73  
    
MI4 487.00 1.04E+04 1.04E-14 1023.15 37 130  
    
MI5 199.67 4.24E+03 4.24E-15 1023.15 15 53  
    
MI6 101.33 2.15E+03 2.15E-15 1023.15 8 27  
    
MI7 79.17 1.68E+03 1.68E-15 1023.15 6 21  
    
MI8 133.67 2.84E+03 2.84E-15 1023.15 10 36  
    
MI9 58.67 1.25E+03 1.25E-15 1023.15 4 16  
    
MI10 116.33 2.47E+03 2.47E-15 1023.15 9 31  
    
MI11 
    
   
    
MI12 366.50 7.79E+03 7.79E-15 1023.15 28 98  
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MI13 178.17 3.79E+03 3.79E-15 1023.15 14 48  
    
MI14 87.17 1.85E+03 1.85E-15 1023.15 7 23  
    
MI16 91.17 1.94E+03 1.94E-15 1023.15 7 24  
    
MI17 540.50 1.15E+04 1.15E-14 1023.15 41 144  
    
MI18 
    
   
    
MI19 81.50 1.73E+03 1.73E-15 1023.15 6 22  
    
MI20 166.79 3.55E+03 3.55E-15 1023.15 13 45  
    
MI21 95.17 2.02E+03 2.02E-15 1023.15 7 25  
    
MI22 388.50 8.26E+03 8.26E-15 1023.15 30 104  
    
MI23 98.17 2.09E+03 2.09E-15 1023.15 7 26  
    
MI24 295.17 6.27E+03 6.27E-15 1023.15 23 79  
    
MI25 111.67 2.37E+03 2.37E-15 1023.15 9 30  
    
            
            
 Time to Full Faceting 
BC17-
Ia15_43 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 45132.81 9.59E+05 9.59E-13 6.12E-05 7.96E-05 8.75E-05 5.41E-05 1.10E-13 1023.15 396 1386 
MI3 23750.00 5.05E+05 5.05E-13 4.94E-05 6.42E-05 7.07E-05 4.37E-05 5.80E-14 1023.15 208 729 
MI4 1153.50 2.45E+04 2.45E-14 1.80E-05 2.34E-05 2.58E-05 1.59E-05 2.82E-15 1023.15 10 35 
MI5 5429.33 1.15E+05 1.15E-13 3.02E-05 3.93E-05 4.32E-05 2.67E-05 1.33E-14 1023.15 48 167 
MI6 2728.83 5.80E+04 5.80E-14 2.40E-05 3.12E-05 3.43E-05 2.12E-05 6.66E-15 1023.15 24 84 
MI8 9247.67 1.97E+05 1.97E-13 3.61E-05 4.69E-05 5.16E-05 3.19E-05 2.26E-14 1023.15 81 284 
MI9 6285.83 1.34E+05 1.34E-13 3.17E-05 4.12E-05 4.54E-05 2.81E-05 1.53E-14 1023.15 55 193 
MI10 817.33 1.74E+04 1.74E-14 1.61E-05 2.09E-05 2.30E-05 1.42E-05 2.00E-15 1023.15 7 25 
MI11 1765.67 3.75E+04 3.75E-14 2.08E-05 2.70E-05 2.97E-05 1.84E-05 4.31E-15 1023.15 15 54 
MI12 1096.83 2.33E+04 2.33E-14 1.77E-05 2.30E-05 2.53E-05 1.57E-05 2.68E-15 1023.15 10 34 
MI13 506.83 1.08E+04 1.08E-14 1.37E-05 1.78E-05 1.96E-05 1.21E-05 1.24E-15 1023.15 4 16 
MI14 1745.50 3.71E+04 3.71E-14 2.07E-05 2.69E-05 2.96E-05 1.83E-05 4.26E-15 1023.15 15 54 
MI15 1916.50 4.07E+04 4.07E-14 2.13E-05 2.78E-05 3.05E-05 1.89E-05 4.68E-15 1023.15 17 59 
MI16 463.00 9.84E+03 9.84E-15 1.33E-05 1.73E-05 1.90E-05 1.18E-05 1.13E-15 1023.15 4 14 
MI17 1168.00 2.48E+04 2.48E-14 1.81E-05 2.35E-05 2.59E-05 1.60E-05 2.85E-15 1023.15 10 36 
MI18 1632.17 3.47E+04 3.47E-14 2.02E-05 2.63E-05 2.89E-05 1.79E-05 3.98E-15 1023.15 14 50 
MI19 1707.83 3.63E+04 3.63E-14 2.05E-05 2.67E-05 2.94E-05 1.82E-05 4.17E-15 1023.15 15 52 
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MI20 511.67 1.09E+04 1.09E-14 1.37E-05 1.79E-05 1.97E-05 1.22E-05 1.25E-15 1023.15 4 16 
MI21 4094.33 8.70E+04 8.70E-14 2.75E-05 3.57E-05 3.93E-05 2.43E-05 1.00E-14 1023.15 36 126 
 
Time to Current Faceting 
    
BC17-
Ia15_43 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI2 3111.83 6.61E+04 6.61E-14 1023.15 238 832  
    
MI3 2072.99 4.41E+04 4.41E-14 1023.15 158 554  
    
MI4 227.50 4.84E+03 4.84E-15 1023.15 17 61  
    
MI5 627.34 1.33E+04 1.33E-14 1023.15 48 168  
    
MI6 315.83 6.71E+03 6.71E-15 1023.15 24 84  
    
MI8 780.67 1.66E+04 1.66E-14 1023.15 60 209  
    
MI9 610.84 1.30E+04 1.30E-14 1023.15 47 163  
    
MI10 104.33 2.22E+03 2.22E-15 1023.15 8 28  
    
MI11 
    
   
    
MI12 162.83 3.46E+03 3.46E-15 1023.15 12 44  
    
MI13 83.83 1.78E+03 1.78E-15 1023.15 6 22  
    
MI14 201.50 4.28E+03 4.28E-15 1023.15 15 54  
    
MI15 270.50 5.75E+03 5.75E-15 1023.15 21 72  
    
MI16 75.00 1.59E+03 1.59E-15 1023.15 6 20  
    
MI17 156.00 3.32E+03 3.32E-15 1023.15 12 42  
    
MI18 200.17 4.25E+03 4.25E-15 1023.15 15 53  
    
MI19 166.83 3.55E+03 3.55E-15 1023.15 13 45  
    
MI20 96.67 2.05E+03 2.05E-15 1023.15 7 26  
    
MI21 396.34 8.42E+03 8.42E-15 1023.15 30 106  
    
            
            
 Time to Full Faceting 
BC17-
Ia15_44 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 32626.82 6.93E+05 6.93E-13 5.49E-05 7.14E-05 7.85E-05 4.86E-05 7.97E-14 1023.15 286 1002 
MI2 8181.50 1.74E+05 1.74E-13 3.46E-05 4.50E-05 4.95E-05 3.06E-05 2.00E-14 1023.15 72 251 
MI3 1933.50 4.11E+04 4.11E-14 2.14E-05 2.78E-05 3.06E-05 1.89E-05 4.72E-15 1023.15 17 59 
MI4 2154.00 4.58E+04 4.58E-14 2.22E-05 2.89E-05 3.17E-05 1.96E-05 5.26E-15 1023.15 19 66 
MI5 1331.67 2.83E+04 2.83E-14 1.89E-05 2.46E-05 2.70E-05 1.67E-05 3.25E-15 1023.15 12 41 
MI6 796.00 1.69E+04 1.69E-14 1.59E-05 2.07E-05 2.28E-05 1.41E-05 1.94E-15 1023.15 7 24 
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MI7 9200.50 1.96E+05 1.96E-13 3.60E-05 4.68E-05 5.15E-05 3.19E-05 2.25E-14 1023.15 81 282 
MI8 769.50 1.64E+04 1.64E-14 1.57E-05 2.05E-05 2.25E-05 1.39E-05 1.88E-15 1023.15 7 24 
MI9 1297.33 2.76E+04 2.76E-14 1.87E-05 2.44E-05 2.68E-05 1.66E-05 3.17E-15 1023.15 11 40 
MI10 3366.33 7.15E+04 7.15E-14 2.58E-05 3.35E-05 3.68E-05 2.28E-05 8.22E-15 1023.15 30 103 
MI11 6565.67 1.40E+05 1.40E-13 3.22E-05 4.18E-05 4.60E-05 2.85E-05 1.60E-14 1023.15 58 202 
MI12 4609.17 9.80E+04 9.80E-14 2.86E-05 3.72E-05 4.09E-05 2.53E-05 1.13E-14 1023.15 40 141 
MI13 6891.00 1.46E+05 1.46E-13 3.27E-05 4.25E-05 4.68E-05 2.89E-05 1.68E-14 1023.15 60 212 
MI14 3314.33 7.04E+04 7.04E-14 2.56E-05 3.33E-05 3.66E-05 2.27E-05 8.09E-15 1023.15 29 102 
MI15 4584.34 9.74E+04 9.74E-14 2.85E-05 3.71E-05 4.08E-05 2.53E-05 1.12E-14 1023.15 40 141 
MI17 9755.83 2.07E+05 2.07E-13 3.67E-05 4.77E-05 5.25E-05 3.25E-05 2.38E-14 1023.15 86 299 
MI18 5524.00 1.17E+05 1.17E-13 3.04E-05 3.95E-05 4.35E-05 2.69E-05 1.35E-14 1023.15 48 170 
MI19 1346.00 2.86E+04 2.86E-14 1.90E-05 2.47E-05 2.71E-05 1.68E-05 3.29E-15 1023.15 12 41 
MI20 2848.83 6.05E+04 6.05E-14 2.44E-05 3.17E-05 3.48E-05 2.16E-05 6.95E-15 1023.15 25 87 
MI21 10526.49 2.24E+05 2.24E-13 3.77E-05 4.90E-05 5.39E-05 3.33E-05 2.57E-14 1023.15 92 323 
            
 
Time to Current Faceting 
    
BC17-
Ia15_44 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 
    
   
    
MI2 718.50 1.53E+04 1.53E-14 1023.15 55 192  
    
MI3 220.50 4.69E+03 4.69E-15 1023.15 17 59  
    
MI4 205.00 4.36E+03 4.36E-15 1023.15 16 55  
    
MI5 180.67 3.84E+03 3.84E-15 1023.15 14 48  
    
MI6 109.00 2.32E+03 2.32E-15 1023.15 8 29  
    
MI7 798.50 1.70E+04 1.70E-14 1023.15 61 213  
    
MI8 114.50 2.43E+03 2.43E-15 1023.15 9 31  
    
MI9 171.33 3.64E+03 3.64E-15 1023.15 13 46  
    
MI10 
    
   
    
MI11 588.67 1.25E+04 1.25E-14 1023.15 45 157  
    
MI12 439.17 9.33E+03 9.33E-15 1023.15 34 117  
    
MI13 485.00 1.03E+04 1.03E-14 1023.15 37 130  
    
MI14 310.33 6.60E+03 6.60E-15 1023.15 24 83  
    
MI15 417.33 8.87E+03 8.87E-15 1023.15 32 112  
    
MI17 762.84 1.62E+04 1.62E-14 1023.15 58 204  
    
MI18 
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MI19 181.00 3.85E+03 3.85E-15 1023.15 14 48  
    
MI20 265.83 5.65E+03 5.65E-15 1023.15 20 71  
    
MI21 889.50 1.89E+04 1.89E-14 1023.15 68 238  
    
  
  
 
Time to Full Faceting 
BC17-
Ia15_45 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 790.00 1.68E+04 1.68E-14 1.59E-05 2.07E-05 2.27E-05 1.41E-05 1.93E-15 1023.15 7 24 
MI2 699.17 1.49E+04 1.49E-14 1.53E-05 1.98E-05 2.18E-05 1.35E-05 1.71E-15 1023.15 6 21 
MI3 5062.17 1.08E+05 1.08E-13 2.95E-05 3.84E-05 4.22E-05 2.61E-05 1.24E-14 1023.15 44 155 
MI4 2939.33 6.25E+04 6.25E-14 2.46E-05 3.20E-05 3.52E-05 2.18E-05 7.18E-15 1023.15 26 90 
MI5 1476.17 3.14E+04 3.14E-14 1.96E-05 2.54E-05 2.80E-05 1.73E-05 3.60E-15 1023.15 13 45 
MI6 515.17 1.09E+04 1.09E-14 1.38E-05 1.79E-05 1.97E-05 1.22E-05 1.26E-15 1023.15 5 16 
MI7 1303.33 2.77E+04 2.77E-14 1.88E-05 2.44E-05 2.68E-05 1.66E-05 3.18E-15 1023.15 11 40 
MI8 2126.00 4.52E+04 4.52E-14 2.21E-05 2.87E-05 3.16E-05 1.96E-05 5.19E-15 1023.15 19 65 
            
 
Time to Current Faceting 
    
BC17-
Ia15_45 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 153.00 3.25E+03 3.25E-15 1023.15 12 41  
    
MI2 117.17 2.49E+03 2.49E-15 1023.15 9 31  
    
MI3 542.17 1.15E+04 1.15E-14 1023.15 41 145  
    
MI4 344.33 7.32E+03 7.32E-15 1023.15 26 92  
    
MI5 151.17 3.21E+03 3.21E-15 1023.15 12 40  
    
MI6 76.17 1.62E+03 1.62E-15 1023.15 6 20  
    
MI7 191.33 4.07E+03 4.07E-15 1023.15 15 51  
    
MI8 260.00 5.53E+03 5.53E-15 1023.15 20 69  
    
            
            
 Time to Full Faceting 
BB08-
21b_1 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 673.67 1.43E+04 1.43E-14 1.51E-05 1.96E-05 2.15E-05 1.33E-05 1.64E-15 1023.15 6 21 
MI2 1329.00 2.82E+04 2.82E-14 1.89E-05 2.46E-05 2.70E-05 1.67E-05 3.24E-15 1023.15 12 41 
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MI3 211.17 4.49E+03 4.49E-15 1.02E-05 1.33E-05 1.46E-05 9.05E-06 5.16E-16 1023.15 2 6 
MI4 88.33 1.88E+03 1.88E-15 7.65E-06 9.95E-06 1.09E-05 6.77E-06 2.16E-16 1023.15 1 3 
MI5 288.67 6.14E+03 6.14E-15 1.14E-05 1.48E-05 1.62E-05 1.00E-05 7.05E-16 1023.15 3 9 
MI6 841.17 1.79E+04 1.79E-14 1.62E-05 2.11E-05 2.32E-05 1.44E-05 2.05E-15 1023.15 7 26 
MI7 1400.17 2.98E+04 2.98E-14 1.92E-05 2.50E-05 2.75E-05 1.70E-05 3.42E-15 1023.15 12 43 
MI8 67.83 1.44E+03 1.44E-15 7.01E-06 9.11E-06 1.00E-05 6.20E-06 1.66E-16 1023.15 1 2 
MI9 1585.33 3.37E+04 3.37E-14 2.00E-05 2.61E-05 2.87E-05 1.77E-05 3.87E-15 1023.15 14 49 
MI10 166.00 3.53E+03 3.53E-15 9.44E-06 1.23E-05 1.35E-05 8.36E-06 4.05E-16 1023.15 1 5 
MI11 1797.33 3.82E+04 3.82E-14 2.09E-05 2.72E-05 2.99E-05 1.85E-05 4.39E-15 1023.15 16 55 
MI12 55.67 1.18E+03 1.18E-15 6.56E-06 8.53E-06 9.39E-06 5.81E-06 1.36E-16 1023.15 0 2 
MI13 238.67 5.07E+03 5.07E-15 1.07E-05 1.39E-05 1.52E-05 9.43E-06 5.83E-16 1023.15 2 7 
MI14 1596.33 3.39E+04 3.39E-14 2.01E-05 2.61E-05 2.87E-05 1.78E-05 3.90E-15 1023.15 14 49 
MI15 266.67 5.67E+03 5.67E-15 1.11E-05 1.44E-05 1.58E-05 9.79E-06 6.51E-16 1023.15 2 8 
MI16 92.83 1.97E+03 1.97E-15 7.78E-06 1.01E-05 1.11E-05 6.88E-06 2.27E-16 1023.15 1 3 
MI17 176.83 3.76E+03 3.76E-15 9.65E-06 1.25E-05 1.38E-05 8.53E-06 4.32E-16 1023.15 2 5 
MI18 445.67 9.47E+03 9.47E-15 1.31E-05 1.71E-05 1.88E-05 1.16E-05 1.09E-15 1023.15 4 14 
MI19 337.83 7.18E+03 7.18E-15 1.20E-05 1.56E-05 1.71E-05 1.06E-05 8.25E-16 1023.15 3 10 
MI20 153.17 3.26E+03 3.26E-15 9.19E-06 1.20E-05 1.32E-05 8.13E-06 3.74E-16 1023.15 1 5 
MI21 174.83 3.72E+03 3.72E-15 9.61E-06 1.25E-05 1.37E-05 8.50E-06 4.27E-16 1023.15 2 5 
MI23 260.83 5.54E+03 5.54E-15 1.10E-05 1.43E-05 1.57E-05 9.71E-06 6.37E-16 1023.15 2 8 
MI24 219.33 4.66E+03 4.66E-15 1.04E-05 1.35E-05 1.48E-05 9.17E-06 5.35E-16 1023.15 2 7 
MI25 98.33 2.09E+03 2.09E-15 7.93E-06 1.03E-05 1.13E-05 7.02E-06 2.40E-16 1023.15 1 3 
MI26 785.50 1.67E+04 1.67E-14 1.59E-05 2.06E-05 2.27E-05 1.40E-05 1.92E-15 1023.15 7 24 
MI28 81.33 1.73E+03 1.73E-15 7.45E-06 9.68E-06 1.06E-05 6.59E-06 1.99E-16 1023.15 1 2 
MI29 8268.50 1.76E+05 1.76E-13 3.47E-05 4.52E-05 4.97E-05 3.07E-05 2.02E-14 1023.15 73 254 
MI30 209.00 4.44E+03 4.44E-15 1.02E-05 1.33E-05 1.46E-05 9.02E-06 5.10E-16 1023.15 2 6 
MI31 670.33 1.42E+04 1.42E-14 1.50E-05 1.96E-05 2.15E-05 1.33E-05 1.64E-15 1023.15 6 21 
MI32 567.33 1.21E+04 1.21E-14 1.42E-05 1.85E-05 2.03E-05 1.26E-05 1.39E-15 1023.15 5 17 
MI35 913.00 1.94E+04 1.94E-14 1.67E-05 2.17E-05 2.38E-05 1.47E-05 2.23E-15 1023.15 8 28 
            
 
Time to Current Faceting 
    
BB08-
21b_1 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 107.67 2.29E+03 2.29E-15 1023.15 8 29  
    
MI2 156.00 3.32E+03 3.32E-15 1023.15 12 42  
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MI3 48.17 1.02E+03 1.02E-15 1023.15 4 13  
    
MI4 26.33 5.60E+02 5.60E-16 1023.15 2 7  
    
MI5 56.67 1.20E+03 1.20E-15 1023.15 4 15  
    
MI6 114.17 2.43E+03 2.43E-15 1023.15 9 31  
    
MI7 161.17 3.43E+03 3.43E-15 1023.15 12 43  
    
MI8 
    
   
    
MI9 155.33 3.30E+03 3.30E-15 1023.15 12 42  
    
MI10 40.00 8.50E+02 8.50E-16 1023.15 3 11  
    
MI11 182.33 3.88E+03 3.88E-15 1023.15 14 49  
    
MI12 23.67 5.03E+02 5.03E-16 1023.15 2 6  
    
MI13 50.67 1.08E+03 1.08E-15 1023.15 4 14  
    
MI14 174.33 3.71E+03 3.71E-15 1023.15 13 47  
    
MI15 52.67 1.12E+03 1.12E-15 1023.15 4 14  
    
MI16 37.83 8.04E+02 8.04E-16 1023.15 3 10  
    
MI17 45.83 9.74E+02 9.74E-16 1023.15 3 12  
    
MI18 76.67 1.63E+03 1.63E-15 1023.15 6 20  
    
MI19 
    
   
    
MI20 36.17 7.69E+02 7.69E-16 1023.15 3 10  
    
MI21 41.83 8.89E+02 8.89E-16 1023.15 3 11  
    
MI23 
    
   
    
MI24 41.33 8.78E+02 8.78E-16 1023.15 3 11  
    
MI25 23.33 4.96E+02 4.96E-16 1023.15 2 6  
    
MI26 
    
   
    
MI28 32.33 6.87E+02 6.87E-16 1023.15 2 9  
    
MI29 611.50 1.30E+04 1.30E-14 1023.15 47 163  
    
MI30 46.00 9.78E+02 9.78E-16 1023.15 4 12  
    
MI31 94.33 2.00E+03 2.00E-15 1023.15 7 25  
    
MI32 81.33 1.73E+03 1.73E-15 1023.15 6 22  
    
MI35 117.00 2.49E+03 2.49E-15 1023.15 9 31  
    
            
            
 Time to Full Faceting 
BB08-
21b_2 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
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MI1 1121.17 2.38E+04 2.38E-14 1.79E-05 2.32E-05 2.55E-05 1.58E-05 2.74E-15 1023.15 10 34 
MI2 144.17 3.06E+03 3.06E-15 9.01E-06 1.17E-05 1.29E-05 7.97E-06 3.52E-16 1023.15 1 4 
MI3 27542.84 5.85E+05 5.85E-13 5.19E-05 6.75E-05 7.42E-05 4.59E-05 6.72E-14 1023.15 242 846 
MI4 10626.33 2.26E+05 2.26E-13 3.78E-05 4.91E-05 5.40E-05 3.34E-05 2.59E-14 1023.15 93 326 
MI6 143.00 3.04E+03 3.04E-15 8.99E-06 1.17E-05 1.29E-05 7.95E-06 3.49E-16 1023.15 1 4 
MI7 108.17 2.30E+03 2.30E-15 8.19E-06 1.06E-05 1.17E-05 7.24E-06 2.64E-16 1023.15 1 3 
MI8 140.17 2.98E+03 2.98E-15 8.93E-06 1.16E-05 1.28E-05 7.90E-06 3.42E-16 1023.15 1 4 
MI10 238.67 5.07E+03 5.07E-15 1.07E-05 1.39E-05 1.52E-05 9.43E-06 5.83E-16 1023.15 2 7 
MI11 145.50 3.09E+03 3.09E-15 9.04E-06 1.18E-05 1.29E-05 8.00E-06 3.55E-16 1023.15 1 4 
MI12 253.17 5.38E+03 5.38E-15 1.09E-05 1.41E-05 1.55E-05 9.62E-06 6.18E-16 1023.15 2 8 
            
 
Time to Current Faceting 
    
BB08-
21b_2 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 124.17 2.64E+03 2.64E-15 1023.15 9 33  
    
MI2 43.17 9.17E+02 9.17E-16 1023.15 3 12  
    
MI3 2214.83 4.71E+04 4.71E-14 1023.15 169 592  
    
MI4 
    
   
    
MI6 47.00 9.99E+02 9.99E-16 1023.15 4 13  
    
MI7 36.17 7.69E+02 7.69E-16 1023.15 3 10  
    
MI8 43.17 9.17E+02 9.17E-16 1023.15 3 12  
    
MI10 41.67 8.86E+02 8.86E-16 1023.15 3 11  
    
MI11 35.50 7.55E+02 7.55E-16 1023.15 3 9  
    
MI12 56.17 1.19E+03 1.19E-15 1023.15 4 15  
    
            
            
 Time to Full Faceting 
BB08-
21b_20a 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 124.17 2.64E+03 2.64E-15 8.57E-06 1.11E-05 1.23E-05 7.59E-06 3.03E-16 1023.15 1 4 
MI2 561.83 1.19E+04 1.19E-14 1.42E-05 1.84E-05 2.03E-05 1.25E-05 1.37E-15 1023.15 5 17 
MI3 58580.51 1.25E+06 1.25E-12 6.67E-05 8.68E-05 9.55E-05 5.90E-05 1.43E-13 1023.15 514 1798 
MI6 207.00 4.40E+03 4.40E-15 1.02E-05 1.32E-05 1.45E-05 8.99E-06 5.05E-16 1023.15 2 6 
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Time to Current Faceting 
    
BB08-
21b_20a 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 37.17 7.90E+02 7.90E-16 1023.15 3 10  
    
MI2 86.83 1.85E+03 1.85E-15 1023.15 7 23  
    
MI3 3562.48 7.57E+04 7.57E-14 1023.15 272 952  
    
MI6 59.00 1.25E+03 1.25E-15 1023.15 5 16  
    
            
            
 Time to Full Faceting 
BB08-
21b_20b 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI2 124.50 2.65E+03 2.65E-15 8.58E-06 1.12E-05 1.23E-05 7.59E-06 3.04E-16 1023.15 1 4 
MI3 86.17 1.83E+03 1.83E-15 7.59E-06 9.87E-06 1.09E-05 6.72E-06 2.10E-16 1023.15 1 3 
MI4 395.67 8.41E+03 8.41E-15 1.26E-05 1.64E-05 1.80E-05 1.12E-05 9.66E-16 1023.15 3 12 
MI6 118.50 2.52E+03 2.52E-15 8.44E-06 1.10E-05 1.21E-05 7.47E-06 2.89E-16 1023.15 1 4 
MI7 8286.16 1.76E+05 1.76E-13 3.48E-05 4.52E-05 4.97E-05 3.08E-05 2.02E-14 1023.15 73 254 
MI8 271.83 5.78E+03 5.78E-15 1.11E-05 1.45E-05 1.59E-05 9.85E-06 6.64E-16 1023.15 2 8 
MI9 3064.67 6.51E+04 6.51E-14 2.50E-05 3.25E-05 3.57E-05 2.21E-05 7.48E-15 1023.15 27 94 
MI10 14440.66 3.07E+05 3.07E-13 4.18E-05 5.44E-05 5.99E-05 3.70E-05 3.53E-14 1023.15 127 443 
MI11 375.33 7.98E+03 7.98E-15 1.24E-05 1.61E-05 1.77E-05 1.10E-05 9.16E-16 1023.15 3 12 
MI13 217.33 4.62E+03 4.62E-15 1.03E-05 1.34E-05 1.48E-05 9.14E-06 5.31E-16 1023.15 2 7 
MI15 188.50 4.01E+03 4.01E-15 9.85E-06 1.28E-05 1.41E-05 8.72E-06 4.60E-16 1023.15 2 6 
MI16 10954.50 2.33E+05 2.33E-13 3.82E-05 4.96E-05 5.46E-05 3.38E-05 2.67E-14 1023.15 96 336 
MI17 176.83 3.76E+03 3.76E-15 9.65E-06 1.25E-05 1.38E-05 8.53E-06 4.32E-16 1023.15 2 5 
MI18 102.17 2.17E+03 2.17E-15 8.03E-06 1.04E-05 1.15E-05 7.11E-06 2.49E-16 1023.15 1 3 
MI19 169.33 3.60E+03 3.60E-15 9.51E-06 1.24E-05 1.36E-05 8.41E-06 4.13E-16 1023.15 1 5 
MI20 327.67 6.96E+03 6.96E-15 1.18E-05 1.54E-05 1.69E-05 1.05E-05 8.00E-16 1023.15 3 10 
            
 
Time to Current Faceting 
    
BB08-
21b_20b 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI2 
    
   
    
MI3 25.17 5.35E+02 5.35E-16 1023.15 2 7  
    
MI4 62.67 1.33E+03 1.33E-15 1023.15 5 17  
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MI6 28.50 6.06E+02 6.06E-16 1023.15 2 8  
    
MI7 510.17 1.08E+04 1.08E-14 1023.15 39 136  
    
MI8 63.83 1.36E+03 1.36E-15 1023.15 5 17  
    
MI9 257.67 5.48E+03 5.48E-15 1023.15 20 69  
    
MI10 1140.66 2.42E+04 2.42E-14 1023.15 87 305  
    
MI11 60.33 1.28E+03 1.28E-15 1023.15 5 16  
    
MI13 52.33 1.11E+03 1.11E-15 1023.15 4 14  
    
MI15 32.50 6.91E+02 6.91E-16 1023.15 2 9  
    
MI16 1471.50 3.13E+04 3.13E-14 1023.15 112 393  
    
MI17 
    
   
    
MI18 31.17 6.62E+02 6.62E-16 1023.15 2 8  
    
MI19 46.33 9.85E+02 9.85E-16 1023.15 4 12  
    
MI20 52.67 1.12E+03 1.12E-15 1023.15 4 14  
    
            
            
 
Time to Full Faceting 
BB08-
21b_22 
voxelsa um3 m3 
equivalent 
radiusb 
ac hd de ΔVf T (K)g Δt (a)h 3.5Δt (a) 
MI1 3223.50 6.85E+04 6.85E-14 2.54E-05 3.30E-05 3.63E-05 2.25E-05 7.87E-15 1023.15 28 99 
MI3 6228.67 1.32E+05 1.32E-13 3.16E-05 4.11E-05 4.52E-05 2.80E-05 1.52E-14 1023.15 55 191 
MI4 300.17 6.38E+03 6.38E-15 1.15E-05 1.50E-05 1.65E-05 1.02E-05 7.33E-16 1023.15 3 9 
MI6 2184.17 4.64E+04 4.64E-14 2.23E-05 2.90E-05 3.19E-05 1.97E-05 5.33E-15 1023.15 19 67 
MI8 2455.00 5.22E+04 5.22E-14 2.32E-05 3.01E-05 3.32E-05 2.05E-05 5.99E-15 1023.15 22 75 
MI9 1190.50 2.53E+04 2.53E-14 1.82E-05 2.37E-05 2.61E-05 1.61E-05 2.91E-15 1023.15 10 37 
MI10 5754.84 1.22E+05 1.22E-13 3.08E-05 4.00E-05 4.40E-05 2.72E-05 1.40E-14 1023.15 50 177 
MI11 748.83 1.59E+04 1.59E-14 1.56E-05 2.03E-05 2.23E-05 1.38E-05 1.83E-15 1023.15 7 23 
MI12 366.83 7.80E+03 7.80E-15 1.23E-05 1.60E-05 1.76E-05 1.09E-05 8.96E-16 1023.15 3 11 
            
 
Time to Current Faceting 
    
BB08-
21b_22 
ΔV um3 m3 T (K) Δt (a) 3.5Δt (a)  
    
MI1 334.50 7.11E+03 7.11E-15 1023.15 26 89  
    
MI3 454.67 9.66E+03 9.66E-15 1023.15 35 122  
    
MI4 65.17 1.39E+03 1.39E-15 1023.15 5 17  
    
MI6 230.17 4.89E+03 4.89E-15 1023.15 18 62  
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MI8 244.00 5.19E+03 5.19E-15 1023.15 19 65  
    
MI9 135.50 2.88E+03 2.88E-15 1023.15 10 36  
    
MI10 500.83 1.06E+04 1.06E-14 1023.15 38 134  
    
MI11 95.83 2.04E+03 2.04E-15 1023.15 7 26  
    
MI12 81.83 1.74E+03 1.74E-15 1023.15 6 22  
    
            
 
a Image resolution of 2.77 µm/voxel 
b Equivalent radius: radius of a sphere of the same volume as the melt inclusion 
c a: side length of a hexagonal bipyramid of the same volume as the melt inclusion 
d h: height of a hexagonal bipyramid of the same volume as the melt inclusion 
e d: distance between the center of the bipyramid and a flat edge of the bipyramid 
f ΔV: amount of material moved in the faceting process, calculated relative to a hexagonal bipyramid (time to full faceting) or determined from image processing relative to an 
ellipsoid of the same volume (time to current faceting) 
g T: temperature; 780 °C for Oruanui, 750 °C for Bishop Tuff 
h t: faceting time; calculated using the equation     
   
       
  , where R is the ideal gas constant (8.31451 J/Kmol), Co is the solubility of a particle of infinite radius (0.7), σ is 
surface energy (0.02 J/m2), and Ω is the molar volume of quartz (23.7x10-6 m3/mol). These quantities are the same as those used by Gualda et al. (2012a). Errors on faceting times 
are ~125% (Gualda et al. 2012a) 
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Appendix E. Matrix glass compositions from Peach Spring Tuff pumice clasts 
            
Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
1A_1 EMP 76.80 12.58 0.81 0.06 0.36 3.24 5.99 0.13 99.96 QF 
1A_2 EMP 76.56 12.48 0.80 0.05 0.44 2.84 6.61 0.13 99.92 - 
1A_3 EMP 76.84 12.63 0.82 0.07 0.39 3.31 5.75 0.10 99.92 QF 
1A_4 EMP 76.38 12.72 0.76 0.04 0.43 2.72 6.72 0.17 99.95 - 
1A_5 EMP 76.51 12.52 0.69 0.03 0.38 2.61 7.04 0.15 99.94 - 
1A_6 EMP 76.79 12.48 0.54 0.05 0.36 2.41 7.15 0.15 99.92 - 
2A_1 EMP 77.45 12.55 0.73 0.05 0.34 1.98 6.72 0.13 99.95 - 
2A_2 EMP 77.63 12.73 0.66 0.06 0.38 1.69 6.68 0.11 99.93 - 
2A_3 EMP 77.26 12.66 0.68 0.05 0.42 1.81 6.86 0.16 99.90 - 
2A_4 EMP 76.63 12.58 0.79 0.05 0.40 2.91 6.44 0.12 99.91 QF 
2A_5 EMP 76.74 12.44 0.71 0.05 0.42 2.65 6.79 0.15 99.95 - 
2A_6 EMP 76.48 12.60 0.72 0.03 0.39 2.76 6.76 0.17 99.92 - 
2A_7 EMP 76.55 12.60 0.81 0.06 0.42 2.96 6.39 0.13 99.92 QF 
2A_8 EMP 76.70 12.50 0.77 0.05 0.40 3.29 6.08 0.13 99.92 QF 
2A_9 EMP 76.69 12.70 0.75 0.02 0.42 2.83 6.41 0.12 99.94 QF 
1B_1 EMP 76.44 12.44 0.71 0.06 0.40 2.95 6.79 0.15 99.93 - 
1B_2 EMP 76.11 12.67 0.74 0.04 0.33 2.95 6.93 0.16 99.93 - 
1B_3 EMP 76.59 12.59 0.73 0.04 0.39 2.89 6.57 0.13 99.94 - 
1B_4 EMP 76.75 12.57 0.75 0.07 0.41 3.24 6.00 0.15 99.94 QF 
1B_5 EMP 76.84 12.79 0.80 0.03 0.43 3.51 5.36 0.15 99.92 Q2F 
1B_6 EMP 76.22 12.80 0.76 0.06 0.42 3.13 6.39 0.13 99.91 QF 
1B_7 EMP 76.43 12.61 0.74 0.06 0.40 2.78 6.83 0.11 99.95 - 
2B_1 EMP 76.59 12.60 0.68 0.20 0.37 2.12 7.29 0.11 99.95 - 
2B_2 EMP 76.38 12.55 0.90 0.08 0.29 2.39 7.20 0.15 99.95 - 
2B_3 EMP 76.67 12.63 0.46 0.04 0.31 2.42 7.28 0.14 99.95 - 
2B_4 EMP 76.71 12.95 0.26 0.34 0.30 2.17 7.14 0.11 99.98 QF 
2B_5 EMP 76.18 12.18 0.94 0.81 0.38 2.20 7.02 0.16 99.87 QF 
2B_6 EMP 76.59 12.76 0.57 0.03 0.34 2.50 7.02 0.12 99.93 - 
2B_7 EMP 76.57 12.64 0.55 0.02 0.33 2.24 7.44 0.12 99.92 - 
2B_8 EMP 76.71 12.45 0.42 0.09 0.31 2.33 7.49 0.15 99.95 - 
2B_9 EMP 76.87 12.48 0.42 0.01 0.29 2.28 7.46 0.15 99.96 - 
2B_10 EMP 76.79 12.73 0.42 0.01 0.33 2.19 7.34 0.13 99.94 - 
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Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
2C_1 EMP 76.85 12.63 0.81 0.07 0.43 3.30 5.70 0.13 99.93 QF 
2C_2 EMP 76.86 12.54 0.85 0.05 0.44 3.56 5.49 0.13 99.92 QF 
2C_3 EMP 76.59 12.53 0.76 0.04 0.43 3.09 6.32 0.12 99.88 - 
2C_4 EMP 76.72 12.62 0.82 0.06 0.45 3.36 5.76 0.13 99.91 QF 
2C_5 EMP 76.71 12.67 0.72 0.06 0.48 3.37 5.78 0.11 99.91 QF 
2C_6 EMP 76.73 12.65 0.82 0.09 0.40 3.62 5.46 0.15 99.92 QF 
2C_7 EMP 76.67 12.44 0.81 0.06 0.37 3.11 6.35 0.13 99.95 - 
2C_8 EMP 77.06 12.62 0.77 0.02 0.41 3.31 5.58 0.12 99.91 QF 
2C_9 EMP 76.76 12.57 0.84 0.04 0.43 3.27 5.88 0.13 99.92 QF 
2C_10 EMP 76.94 12.62 0.84 0.08 0.40 3.47 5.44 0.13 99.92 Q2F 
SD01C-1_3 EDS 77.22 13.11 0.78 0.10 0.24 2.45 5.95 0.13 99.99 - 
SD01C-1_1 EDS 76.86 13.28 0.80 0.07 0.43 2.41 5.95 0.20 100.01 QF 
SD01C-1_2 EDS 77.65 13.05 0.57 0.07 0.14 2.08 6.30 0.16 100.02 - 
SD01C-3_1 EDS 76.99 13.35 0.67 0.05 0.37 2.41 5.79 0.15 99.78 - 
SD01C-4_1 EDS 77.01 13.14 0.77 0.09 0.31 2.51 5.93 0.14 99.90 QF 
SD01C-4_2 EDS 77.05 13.06 0.83 0.07 0.30 2.59 5.86 0.17 99.93 QF 
SD01C-4_3 EDS 77.23 13.11 0.77 0.06 0.19 2.51 5.99 0.13 100.00 QF 
SD01C-4_4 EDS 77.21 13.17 0.77 0.00 0.28 2.51 5.85 0.14 99.94 - 
SD01C-4_5 EDS 77.17 13.06 0.81 0.00 0.31 2.56 5.87 0.15 99.93 QF 
SD01C-5_1 EDS 77.64 13.07 0.67 0.00 0.27 2.24 5.99 0.12 99.99 - 
SD01C-5_2 EDS 77.50 13.00 0.77 0.00 0.19 2.36 6.10 0.07 100.00 - 
SD01C-5_3 EDS 77.40 13.04 0.74 0.00 0.20 2.48 5.99 0.15 99.99 - 
SD01C-7_1 EDS 77.06 13.12 0.80 0.05 0.27 2.43 6.05 0.11 99.89 QF 
SD01C-7_2 EDS 77.00 13.09 0.82 0.07 0.41 2.54 5.85 0.15 99.93 QF 
SD01C-7_3 EDS 77.08 13.20 0.82 0.09 0.35 2.57 5.78 0.11 100.01 QF 
SD01C-7_4 EDS 77.01 13.17 0.77 0.10 0.24 2.56 5.91 0.15 99.92 QF 
SD01C-7_5 EDS 77.27 13.12 0.81 0.07 0.18 2.44 5.95 0.17 100.01 - 
SD01C-8_1 EDS 77.07 13.11 0.79 0.00 0.40 2.55 5.80 0.14 99.86 QF 
SD01C-8_2 EDS 77.24 13.12 0.82 0.08 0.40 2.40 5.72 0.15 99.93 - 
SD01C-8_3 EDS 77.18 13.20 0.88 0.06 0.43 2.46 5.59 0.13 99.93 SP 
SD01C-8_4 EDS 77.31 13.13 0.84 0.08 0.34 2.39 5.76 0.14 99.99 - 
SD02B-1_1 EDS 76.68 13.01 0.80 0.05 0.29 2.91 6.00 0.16 99.90 QF 
SD02B-1_2 EDS 76.70 13.07 0.74 0.07 0.32 2.97 5.92 0.14 99.93 QF 
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Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
SD02B-1_3 EDS 76.68 13.12 0.79 0.06 0.25 2.82 6.14 0.14 100.00 QF 
SD02B-1_4 EDS 76.68 13.06 0.78 0.05 0.26 2.97 5.99 0.13 99.92 QF 
SD02B-1_5 EDS 76.81 12.93 0.83 0.07 0.26 3.01 5.90 0.12 99.95 QF 
SD02B-1a_1 EDS 76.90 12.94 0.81 0.10 0.33 2.98 5.80 0.14 100.00 QF 
SD02B-1a_2 EDS 76.76 13.02 0.81 0.05 0.28 2.87 6.09 0.11 100.00 QF 
SD02B-1a_3 EDS 76.73 13.06 0.78 0.00 0.27 2.83 6.17 0.16 100.01 QF 
SD02B-1a_4 EDS 76.58 13.13 0.56 0.14 0.28 2.17 7.02 0.13 100.00 QF 
SD02B-1a_5 EDS 76.72 13.03 0.76 0.05 0.23 2.79 6.14 0.17 99.90 QF 
SD02B-2_1 EDS 76.69 13.17 0.67 0.07 0.27 2.72 6.19 0.15 99.93 QF 
SD02B-2_2 EDS 76.90 13.17 0.54 0.00 0.37 2.52 6.39 0.12 100.01 QF 
SD02B-2a_1 EDS 76.95 12.94 0.85 0.06 0.43 2.86 5.81 0.10 100.00 QF 
SD02B-2_3 EDS 76.40 13.07 0.85 0.13 0.39 2.48 6.46 0.12 99.91 QF 
SD02B-2_4 EDS 76.78 13.13 0.74 0.06 0.32 2.86 5.92 0.13 99.94 QF 
SD02B-2_5 EDS 76.79 13.00 0.75 0.00 0.34 2.75 6.16 0.15 99.93 QF 
SD02B-2_6 EDS 76.57 13.14 0.77 0.06 0.34 2.71 6.21 0.13 99.93 QF 
SD02B-4_1 EDS 76.90 13.04 0.63 0.06 0.22 2.53 6.53 0.09 100.00 QF 
SD02B-4_2 EDS 76.98 13.02 0.81 0.00 0.31 3.08 5.67 0.15 100.02 QF 
SD02B-4_3 EDS 76.93 13.01 0.76 0.00 0.25 2.77 6.14 0.14 100.00 QF 
SD02B-4_4 EDS 76.91 12.93 0.76 0.06 0.23 2.93 6.01 0.17 100.01 QF 
SD02B-4_5 EDS 76.73 13.04 0.82 0.06 0.24 2.92 5.99 0.12 99.92 QF 
SD02B-5_1 EDS 76.94 12.96 0.81 0.08 0.32 2.58 6.19 0.12 100.00 QF 
SD02B-5_2 EDS 77.04 12.98 0.65 0.06 0.27 2.42 6.39 0.18 100.00 QF 
SD02B-5_3 EDS 76.80 13.04 0.65 0.00 0.27 2.47 6.53 0.15 99.92 QF 
SD02B-5_4 EDS 76.89 13.06 0.85 0.06 0.32 2.74 5.87 0.13 99.92 QF 
SD02B-7_1 EDS 76.86 13.04 0.66 0.00 0.40 2.80 6.01 0.18 99.94 QF 
SD02B-7_2 EDS 77.07 12.99 0.71 0.07 0.29 2.68 6.11 0.08 100.01 QF 
SD02B-7_3 EDS 76.85 12.90 0.78 0.09 0.46 2.66 6.08 0.12 99.94 QF 
SD02B-7_4 EDS 76.87 12.99 0.78 0.06 0.37 2.82 5.89 0.15 99.93 QF 
SD02B-7_5 EDS 76.90 13.02 0.74 0.08 0.41 2.75 5.98 0.13 100.01 QF 
SD11A-1_1 EDS 76.60 13.04 0.94 0.00 0.37 2.94 5.90 0.14 99.93 QF 
SD11A-1_2 EDS 76.70 13.05 0.87 0.06 0.32 2.85 5.92 0.14 99.91 QF 
SD11A-1_3 EDS 76.57 13.19 0.87 0.07 0.43 2.67 6.09 0.11 100.00 QF 
SD11A-1_4 EDS 76.61 13.15 0.81 0.06 0.37 2.77 6.12 0.11 100.01 QF 
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Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
SD11A-2_1 EDS 77.05 13.01 0.87 0.10 0.18 2.42 6.26 0.11 99.99 QF 
SD11A-2_2 EDS 76.97 13.05 0.78 0.00 0.07 2.44 6.49 0.12 99.93 QF 
SD11A-2_3 EDS 76.74 13.09 0.84 0.06 0.17 2.52 6.34 0.14 99.90 QF 
SD11A-2_4 EDS 76.90 13.37 0.88 0.10 0.00 2.24 6.27 0.12 99.87 QF 
SD11A-3_1 EDS 76.88 13.12 0.95 0.00 0.23 2.44 6.16 0.14 99.93 - 
SD11A-3_2 EDS 77.11 13.30 0.68 0.00 0.23 2.11 6.32 0.18 99.93 - 
SD11A-3_3 EDS 76.97 13.09 0.81 0.08 0.20 2.41 6.28 0.08 99.91 QF 
SD11A-3_4 EDS 76.95 13.21 0.86 0.00 0.22 2.29 6.24 0.12 99.90 QF 
SD11A-4_1 EDS 76.46 12.92 0.97 0.06 0.45 3.59 5.41 0.12 99.99 QF 
SD11A-4_2 EDS 76.45 12.99 0.90 0.00 0.46 3.51 5.55 0.16 100.01 QF 
SD11A-4_3 EDS 76.47 13.07 0.84 0.00 0.49 3.51 5.45 0.12 99.94 QF 
SD11A-4_4 EDS 76.54 13.05 0.90 0.00 0.46 3.37 5.53 0.15 100.00 QF 
SD11A-4_5 EDS 76.37 13.07 0.92 0.09 0.44 3.39 5.53 0.12 99.93 QF 
SD11A-4_6 EDS 76.37 13.01 0.96 0.06 0.46 3.36 5.69 0.09 100.00 QF 
SD11A-5_1 EDS 76.52 13.16 0.83 0.08 0.17 2.63 6.39 0.13 99.91 QF 
SD11A-5_2 EDS 76.75 13.19 0.80 0.08 0.11 2.55 6.37 0.14 99.99 QF 
SD11A-5_3 EDS 76.66 13.21 0.76 0.09 0.13 2.38 6.67 0.11 100.01 Q2F 
SD11A-5_4 EDS 76.72 13.16 0.82 0.06 0.11 2.41 6.45 0.18 99.91 QF 
SD11A-6_1 EDS 77.00 13.17 0.92 0.07 0.30 2.30 6.10 0.15 100.01 - 
SD11A-6_2 EDS 76.86 13.12 0.92 0.05 0.38 2.36 6.14 0.19 100.01 QF 
SD11A-7_1 EDS 76.05 13.14 0.99 0.12 0.52 2.76 6.17 0.17 99.91 QF 
SD11A-7_2 EDS 76.06 13.22 1.03 0.11 0.57 2.49 6.24 0.20 99.93 QF 
SD11A-7_3 EDS 76.05 13.09 1.01 0.11 0.54 2.80 6.24 0.17 100.00 QF 
SD11A-7_4 EDS 76.10 13.18 1.02 0.13 0.40 2.69 6.24 0.16 99.93 QF 
SD11A-8_1 EDS 76.70 13.11 0.92 0.00 0.40 2.73 5.89 0.15 99.89 QF 
SD11A-8_2 EDS 77.00 13.19 0.85 0.06 0.21 2.24 6.34 0.12 100.01 QF 
SD11A-8_3 EDS 77.17 13.16 0.87 0.00 0.41 2.26 5.94 0.12 99.93 - 
SD11A-8_4 EDS 77.17 13.05 0.92 0.06 0.13 2.24 6.25 0.17 100.00 - 
SD11A-9_1 EDS 76.56 13.20 1.00 0.14 0.49 2.42 5.98 0.14 99.93 QF 
SD11A-9_2 EDS 76.43 13.14 1.04 0.10 0.53 2.49 5.98 0.16 99.86 QF 
SD11A-9_3 EDS 76.51 13.23 0.94 0.15 0.54 2.56 5.90 0.18 100.00 QF 
SD11A-9_4 EDS 75.96 13.24 1.10 0.16 0.50 2.72 6.10 0.14 99.94 QF 
SD12C-1_1 EDS 76.17 13.02 0.87 0.00 0.63 3.74 5.35 0.10 99.87 QF, SP 
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Appendix E. continued 
            
Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
SD12C-1_2 EDS 77.03 12.98 0.40 0.00 0.52 3.61 5.33 0.12 100.00 Q2F 
SD12C-1_3 EDS 76.50 12.90 0.66 0.07 0.62 3.73 5.27 0.15 99.89 Q2F 
SD12C-1_4 EDS 76.30 12.83 0.85 0.00 0.67 3.72 5.41 0.14 99.91 QF, SP 
SD12C-1_5 EDS 77.05 12.96 0.34 0.00 0.54 3.49 5.38 0.17 99.93 Q2F 
SD12C-4_1 EDS 76.91 12.96 0.49 0.00 0.53 3.70 5.31 0.10 100.00 Q2F 
SD12C-4_2 EDS 76.33 12.95 0.78 0.00 0.61 3.69 5.38 0.16 99.91 QF, SP 
SD12C-4_3 EDS 76.52 12.92 0.74 0.00 0.66 3.65 5.26 0.18 99.94 Q2F 
SD12C-4_4 EDS 77.18 12.93 0.29 0.00 0.45 3.59 5.35 0.14 99.93 Q2F 
SD12C-4_5 EDS 77.05 12.82 0.55 0.08 0.49 3.29 5.51 0.14 99.92 Q2F 
SD12D-5_1 EDS 77.16 13.04 0.27 0.00 0.48 3.58 5.37 0.11 100.00 Q2F 
SD12D-5_2 EDS 76.68 13.01 0.56 0.00 0.53 3.78 5.31 0.14 100.01 QF, SP 
SD12D-5_3 EDS 76.33 13.04 0.74 0.06 0.59 3.75 5.27 0.14 99.91 QF, SP 
SD12D-5_4 EDS 76.45 12.86 0.79 0.05 0.69 3.73 5.32 0.11 99.99 QF, SP 
SD12D-6_1 EDS 76.31 12.85 0.83 0.09 0.59 3.68 5.43 0.15 99.92 QF, SP 
SD12D-6_2 EDS 76.43 13.05 0.91 0.00 0.50 3.78 5.20 0.12 99.99 Q2F 
SD12D-6_3 EDS 76.68 13.06 0.57 0.08 0.56 3.58 5.32 0.15 99.99 Q2F 
SD12D-6_4 EDS 77.07 12.98 0.38 0.00 0.53 3.60 5.27 0.16 99.99 Q2F 
SD12D-6_5 EDS 76.88 13.04 0.49 0.00 0.56 3.64 5.24 0.16 100.01 Q2F 
SD12D-7_1 EDS 77.05 12.97 0.43 0.00 0.54 3.66 5.23 0.11 99.99 Q2F 
SD12D-7_2 EDS 76.51 12.89 0.70 0.00 0.57 3.75 5.31 0.19 99.92 Q2F 
SD12D-7_3 EDS 76.75 12.85 0.65 0.16 0.47 3.57 5.32 0.12 99.90 Q2F 
SD12D-7_4 EDS 77.07 13.10 0.29 0.00 0.51 3.55 5.32 0.16 100.00 Q2F 
SD12D-7_5 EDS 77.04 13.00 0.48 0.00 0.55 3.60 5.22 0.10 100.00 Q2F 
SD12D-7_6 EDS 76.67 12.93 0.70 0.00 0.54 3.43 5.56 0.10 99.92 QF 
SD12D-7_7 EDS 76.79 13.14 0.36 0.21 0.61 3.49 5.26 0.13 99.99 Q2F 
SD12D-7_8 EDS 77.04 13.00 0.48 0.00 0.55 3.60 5.22 0.10 100.00 Q2F 
SD12D-7_9 EDS 77.29 13.02 0.30 0.00 0.52 3.41 5.26 0.20 100.00 Q2F 
SD05-1_1 EDS 76.95 12.52 0.86 0.00 0.42 3.58 5.53 0.15 100.01 QF 
SD05-1_2 EDS 76.70 12.70 0.85 0.00 0.45 3.64 5.50 0.16 99.99 QF 
SD05-1_3 EDS 76.92 12.57 0.84 0.00 0.43 3.55 5.54 0.14 100.00 QF 
SD05-1_4 EDS 76.72 12.65 0.90 0.09 0.47 3.68 5.39 0.09 100.00 QF 
SD05-1_5 EDS 76.59 12.63 0.87 0.00 0.46 3.60 5.62 0.13 99.90 QF 
SD05-1_6 EDS 76.55 12.55 0.85 0.00 0.60 3.11 6.23 0.10 99.98 QF 
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Appendix E. continued 
            
Analysis Name
a 
Analysis Type SiO2 Al2O3 FeO MgO CaO Na2O K2O TiO2 Total Highest Saturation Level
b 
SD05-1_7 EDS 76.73 12.56 0.85 0.00 0.47 3.37 5.78 0.12 99.87 QF 
SD05-1_8 EDS 76.61 12.54 0.84 0.08 0.47 2.78 6.45 0.12 99.89 QF 
SD05-1_9 EDS 76.80 12.54 0.86 0.00 0.48 3.33 5.85 0.13 99.99 QF 
SD05-3_1 EDS 76.54 12.53 0.90 0.08 0.44 3.14 6.21 0.17 100.00 QF 
SD05-3_2 EDS 76.61 12.62 0.97 0.00 0.46 2.85 6.33 0.15 100.00 QF 
SD05-3_3 EDS 76.80 12.67 0.85 0.00 0.46 3.27 5.83 0.12 100.00 QF 
SD05-4_1 EDS 76.90 12.50 0.91 0.00 0.45 3.45 5.67 0.13 100.01 QF 
SD05-4_2 EDS 76.83 12.46 0.94 0.00 0.46 3.21 5.97 0.13 100.00 QF 
SD05-4_3 EDS 76.92 12.52 0.83 0.00 0.47 2.96 6.17 0.12 100.00 QF 
SD05-5_1 EDS 77.06 12.59 0.88 0.00 0.44 3.19 5.66 0.08 99.90 QF 
SD05-5_2 EDS 76.58 12.58 0.84 0.00 0.45 3.10 6.20 0.15 99.91 QF 
SD05-5_3 EDS 76.43 12.53 0.88 0.11 0.47 2.87 6.51 0.20 100.00 - 
SD05-5_4 EDS 76.62 12.60 0.87 0.00 0.45 2.85 6.50 0.11 100.00 QF 
SD05-2_1 EDS 76.54 12.52 0.88 0.09 0.47 2.81 6.55 0.15 100.01 - 
SD05-2_2 EDS 76.51 12.60 0.87 0.00 0.46 2.93 6.50 0.13 99.99 - 
SD05-2_3 EDS 76.69 12.65 0.91 0.15 0.54 2.68 6.24 0.15 100.00 QF 
SD05-2_4 EDS 76.67 12.50 0.84 0.07 0.45 2.94 6.30 0.11 99.89 QF 
SD05-2_5 EDS 76.53 12.62 0.89 0.08 0.45 2.94 6.32 0.17 100.00 QF 
 
a
 Analysis Name: Pumice Sample-Pumice Chip Number_Spot Number 
b 
Greatest number and type of phases simultaneously saturated (giving pressures) with rhyolite-MELTS barometry. Dashes indicate no pressure result. 
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APPENDIX F 
 
 
AMPHIBOLE COMPOSITIONS FROM PEACH SPRING TUFF PUMICE CLASTS 
ANALYZED BY ELECTRON MICROPROBE
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Appendix F. Amphibole compositions from Peach Spring Tuff pumice clasts analyzed by electron microprobe. 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K-1_1C 47.63 6.62 1.44 13.00 0.98 13.91 3.02 10.80 1.05 
KPST01K-1_2C 47.66 6.81 1.39 12.88 0.95 13.83 3.07 10.90 1.05 
KPST01K-1_3C 47.63 6.66 1.52 12.70 0.91 13.91 3.15 10.85 1.07 
KPST01K-1_4C 47.68 6.71 1.45 12.86 0.97 13.96 3.13 10.81 1.07 
KPST01K-1_5I 47.62 6.67 1.35 12.85 0.91 14.20 3.10 10.83 1.01 
KPST01K-1_6C 47.26 6.86 1.54 13.24 1.01 13.80 3.12 10.61 1.04 
KPST01K-1_7C 47.49 6.92 1.44 12.99 0.98 13.58 3.04 10.58 1.04 
KPST01K-1_8C 47.40 7.07 1.41 12.81 0.93 13.88 3.13 10.90 1.01 
KPST01K-1_9C 47.42 6.99 1.34 12.88 0.93 14.10 3.13 10.82 1.08 
KPST01K-1_10C 46.77 6.74 1.33 12.78 0.95 13.81 2.96 10.97 1.00 
KPST01K-1_12E 48.89 5.82 1.08 12.50 1.14 14.45 3.02 10.71 0.88 
KPST01K-1_13E 48.69 5.80 1.10 12.69 1.20 14.29 2.98 10.73 0.90 
KPST01K-1_14E 49.11 5.96 1.04 12.46 1.28 14.40 3.01 10.25 0.88 
KPST01K-1_15E 48.93 5.85 1.08 12.69 1.17 14.12 3.01 10.67 0.92 
KPST01K-1_16E 48.73 6.58 1.13 12.42 1.15 14.04 2.89 10.68 0.92 
KPST01K-1_17E 48.17 6.26 1.13 12.78 1.18 14.23 3.07 10.69 0.94 
KPST01K-1_18E 48.89 5.90 1.15 12.58 1.19 14.28 2.98 10.67 0.91 
KPST01K-1_19E 48.27 6.12 1.07 12.32 1.42 13.98 2.90 11.41 0.89 
KPST01K-1_20E 49.22 5.63 1.00 12.50 1.13 14.37 2.90 10.80 0.85 
KPST01K-1_21E 48.83 5.71 1.05 12.85 1.16 14.19 2.96 10.92 0.88 
KPST01K-1_22I 47.76 6.64 1.44 12.93 0.91 13.88 3.12 10.89 1.01 
KPST01K-1_23I 47.36 6.82 1.36 12.90 0.93 14.00 3.10 11.04 1.05 
KPST01K-1_24I 46.91 6.77 1.44 13.11 1.12 14.15 3.03 10.97 1.01 
KPST01K-1_25I 47.35 6.81 1.46 12.91 0.96 14.04 3.12 10.75 1.09 
          
KPST01K-3_1C 47.65 6.79 1.35 12.73 0.99 14.07 3.11 10.84 1.03 
KPST01K-3_2C 46.53 6.92 1.39 13.37 1.04 13.97 3.12 11.02 1.06 
KPST01K-3_3C 47.16 6.78 1.46 13.26 1.04 13.91 3.13 10.93 1.02 
KPST01K-3_4C 47.27 6.66 1.37 13.52 1.02 13.79 3.03 10.82 1.05 
KPST01K-3_5C 48.40 6.22 1.14 12.99 1.20 13.98 2.92 10.54 0.93 
KPST01K-3_6C 47.81 6.60 1.29 13.23 1.16 13.64 3.10 10.66 0.99 
KPST01K-3_7C 48.12 6.45 1.39 12.62 0.97 14.07 2.98 10.88 1.04 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K-3_8C 47.57 6.83 1.38 12.62 1.01 13.96 3.07 10.89 1.01 
KPST01K-3_9C 46.73 6.95 1.50 13.34 1.12 13.83 3.02 10.84 1.06 
KPST01K-3_10C 46.82 6.92 1.36 13.08 0.96 14.23 3.15 11.01 1.05 
KPST01K-3_11E 47.36 6.80 1.23 12.77 1.02 14.36 3.14 10.93 0.95 
KPST01K-3_13E 47.05 6.79 1.33 13.04 1.06 14.21 3.17 10.89 1.02 
KPST01K-3_14E 47.31 6.80 1.34 12.96 0.99 14.17 3.05 10.90 1.00 
KPST01K-3_15E 47.19 6.87 1.32 13.32 1.03 13.97 3.09 10.81 1.01 
KPST01K-3_16E 47.98 6.60 1.24 12.68 1.13 14.26 3.06 10.60 0.97 
KPST01K-3_17E 48.34 6.48 1.27 12.53 0.94 14.24 3.05 10.72 0.98 
KPST01K-3_18E 47.95 6.66 1.37 12.74 0.94 14.24 3.02 10.68 0.98 
KPST01K-3_19E 47.92 6.70 1.34 12.50 1.02 14.24 3.08 10.72 0.94 
KPST01K-3_20E 46.29 7.02 1.46 13.37 1.18 14.42 3.23 10.56 0.97 
KPST01K-3_21E 47.04 6.59 1.15 13.34 1.17 14.51 3.10 10.73 0.95 
KPST01K-3_22I 46.91 6.95 1.36 12.84 1.03 14.42 3.15 10.89 1.05 
KPST01K-3_23I 47.04 6.91 1.34 12.77 0.99 14.71 3.20 10.48 0.98 
KPST01K-3_24I 46.86 6.55 1.17 13.28 1.15 14.59 3.13 10.67 0.97 
KPST01K-3_25I 46.64 6.94 1.39 13.33 0.94 14.58 3.16 10.56 1.05 
          
KPST01K2-1_1C 48.24 6.82 1.29 12.94 0.96 13.91 3.04 10.40 1.03 
KPST01K2-1_2C 47.75 6.88 1.35 13.05 0.92 13.92 3.10 10.63 1.00 
KPST01K2-1_3C 48.21 6.81 1.26 12.64 0.98 14.09 3.04 10.55 1.00 
KPST01K2-1_4C 48.02 6.76 1.29 12.71 0.87 14.24 3.05 10.70 1.03 
KPST01K2-1_5C 47.17 7.01 1.37 13.11 0.96 14.01 3.04 10.88 1.03 
KPST01K2-1_6C 47.50 6.91 1.30 12.93 0.90 14.12 3.01 10.71 1.04 
KPST01K2-1_7C 47.71 6.87 1.41 12.84 0.96 13.91 3.13 10.73 1.02 
KPST01K2-1_8C 47.94 6.82 1.37 12.98 1.05 13.92 3.10 10.56 1.02 
KPST01K2-1_9C 47.74 6.77 1.42 13.03 1.00 13.79 3.08 10.65 1.07 
KPST01K2-1-10C 47.44 6.95 1.41 13.05 0.97 13.88 3.03 10.61 0.99 
KPST01K2-1-11E 49.00 6.44 1.10 12.77 1.21 13.92 2.77 10.17 0.88 
KPST01K2-1_12E 48.78 6.21 1.05 12.33 1.15 14.54 3.01 10.61 0.90 
KPST01K2-1_13E 48.27 6.35 1.00 12.54 1.18 14.51 3.06 10.67 0.91 
KPST01K2-1_14E 46.00 7.30 1.40 13.69 1.10 13.92 3.13 11.00 1.09 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K2-1_15E 47.15 7.07 1.44 13.08 0.89 13.99 3.12 10.76 1.06 
KPST01K2-1_17E 49.25 5.93 1.02 12.89 1.21 14.00 2.78 10.46 0.82 
KPST01K2-1_18E 48.15 6.13 1.06 12.98 1.13 14.41 3.01 10.80 0.90 
KPST01K2-1_21I 46.26 7.09 1.44 13.19 1.08 14.21 3.15 11.09 1.09 
KPST01K2-1_22I 46.21 7.04 1.42 13.46 0.91 14.36 3.08 11.04 1.05 
KPST01K2-1_24I 46.46 7.00 1.29 13.39 1.10 14.09 3.16 11.14 1.04 
KPST01K2-1_25I 46.14 7.27 1.50 13.33 0.96 14.14 3.19 11.10 1.07 
          
KPST01K2-2_1C 46.11 7.15 1.54 13.32 0.99 14.26 3.18 11.05 1.06 
KPST01K2-2_2C 46.72 6.92 1.39 12.96 1.00 14.19 3.18 11.19 1.04 
KPST01K2-2_3C 46.75 6.77 1.31 13.22 1.01 14.25 3.14 11.06 1.01 
KPST01K2-2_4C 47.27 6.54 1.32 12.98 1.06 14.29 3.07 11.00 0.98 
KPST01K2-2_5C 46.76 7.03 1.46 12.95 1.01 13.99 3.14 11.18 1.07 
KPST01K2-2_6C 47.59 6.76 1.37 12.79 0.95 14.01 3.09 11.03 1.01 
KPST01K2-2_7C 46.83 7.10 1.49 13.03 0.90 14.01 3.07 11.13 1.07 
KPST01K2-2_8C 46.71 7.08 1.46 13.04 0.97 13.87 3.07 11.24 1.06 
KPST01K2-2_9C 47.31 6.85 1.45 12.99 0.93 13.94 3.09 10.98 1.01 
KPST01K2-2_10C 47.17 6.95 1.44 13.03 0.97 13.92 3.11 10.97 1.08 
KPST01K2-2_11C 48.30 6.20 1.14 12.61 1.17 14.22 2.99 10.89 0.96 
KPST01K2-2_12E 48.66 5.99 1.06 12.58 1.15 14.28 2.90 10.90 0.89 
KPST01K2-2_14E 48.22 6.40 1.14 12.80 1.11 14.02 2.98 10.88 0.93 
KPST01K2-2_15E 49.26 6.27 0.97 12.41 1.08 14.28 2.74 10.65 0.82 
KPST01K2-2_17E 47.47 6.73 1.43 13.09 1.08 13.78 3.07 10.98 1.03 
KPST01K2-2_18E 47.33 7.04 1.46 12.94 0.95 13.53 3.14 11.17 1.06 
KPST01K2-2_19E 47.69 6.53 1.42 12.93 0.93 13.96 3.10 11.00 1.01 
KPST01K2-2_21I 48.33 5.91 1.15 12.92 1.11 14.32 2.93 10.95 0.87 
KPST01K2-2_22I 47.88 6.42 1.28 13.02 1.07 13.98 3.03 10.96 1.01 
KPST01K2-2_23I 47.38 6.65 1.40 12.95 1.03 13.93 3.08 11.05 1.04 
KPST01K2-2_24I 47.39 6.79 1.38 13.24 0.97 13.80 3.05 10.98 1.02 
KPST01K2-2_25I 47.44 6.74 1.40 13.16 0.90 13.97 3.11 11.04 1.04 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K2-3_1C 47.98 6.34 1.22 12.87 1.03 13.97 3.01 11.03 0.98 
KPST01K2-3_2C 48.06 6.18 1.20 12.98 1.00 14.24 2.98 11.11 0.93 
KPST01K2-3_3C 48.12 6.21 1.19 12.80 1.09 14.17 3.01 10.94 0.95 
KPST01K2-3_4C 48.01 6.56 1.31 12.85 1.09 13.73 2.94 11.13 1.01 
KPST01K2-3_5C 47.36 6.55 1.29 13.07 1.13 14.08 3.08 10.97 1.04 
KPST01K2-3_6C 47.66 6.53 1.35 12.92 1.13 14.01 3.09 11.02 0.94 
KPST01K2-3_7C 48.55 5.85 1.13 12.50 1.08 14.39 2.92 11.10 0.90 
KPST01K2-3_8C 48.79 6.04 1.14 12.94 1.13 13.55 2.89 10.91 0.93 
KPST01K2-3_9C 48.09 6.05 1.25 12.82 1.14 14.19 3.00 11.04 0.95 
KPST01K2-3_10C 48.12 6.39 1.41 13.21 1.08 13.43 2.92 10.87 0.97 
KPST01K2-3_11E 47.62 6.38 1.11 13.10 1.16 13.94 2.99 11.12 0.93 
KPST01K2-3_12E 47.88 6.24 1.01 12.84 1.17 14.39 3.09 10.95 0.91 
KPST01K2-3_14E 47.79 6.07 1.08 12.49 1.23 14.74 3.16 10.95 0.94 
KPST01K2-3_15E 48.83 5.84 1.00 12.56 1.14 14.20 2.94 10.95 0.91 
KPST01K2-3_16E 49.35 5.42 0.95 12.16 1.18 14.59 2.88 11.01 0.87 
KPST01K2-3_17E 48.50 6.03 1.08 12.88 1.14 14.12 2.99 10.99 0.93 
KPST01K2-3_18E 48.11 5.85 1.17 13.04 1.20 14.19 3.00 11.12 0.91 
KPST01K2-3_19E 48.16 6.40 1.08 12.90 1.16 13.92 2.91 11.03 0.94 
KPST01K2-3_20E 47.17 6.65 1.28 13.19 0.99 14.04 3.05 11.16 1.00 
KPST01K2-3_21I 47.82 6.70 1.25 13.01 1.09 13.75 2.86 11.02 1.00 
KPST01K2-3_22I 47.35 6.56 1.30 13.09 1.14 13.86 3.07 11.16 1.01 
KPST01K2-3_23I 48.34 5.80 1.07 12.94 1.12 14.32 2.96 11.15 0.94 
KPST01K2-3_24I 48.10 5.96 1.00 12.93 1.20 14.38 3.02 11.07 0.93 
KPST01K2-3_25I 48.26 6.36 1.16 12.95 1.05 13.84 2.99 10.99 0.95 
          
KPST01K2-7_1C 47.75 6.64 1.38 12.60 0.98 13.70 2.99 11.37 1.04 
KPST01K2-7_2C 47.97 6.63 1.34 12.99 0.98 13.55 2.99 11.10 1.04 
KPST01K2-7_4C 47.03 6.84 1.36 12.89 1.09 13.86 2.99 11.37 1.06 
KPST01K2-7_5C 47.95 6.52 1.25 12.80 1.07 13.82 2.97 11.27 1.02 
KPST01K2-7_6C 48.11 6.38 1.34 12.80 0.97 13.79 2.95 11.12 1.05 
KPST01K2-7_8C 47.22 6.82 1.34 13.08 1.01 13.95 3.09 11.20 1.01 
KPST01K2-7_9C 46.99 6.91 1.24 13.03 1.02 14.06 3.08 11.26 1.01 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K2-7_10C 46.99 6.84 1.25 12.77 1.01 14.14 3.06 11.43 1.04 
KPST01K2-7_11E 47.40 6.51 1.20 13.25 1.06 13.90 3.00 11.13 1.01 
KPST01K2-7_12E 48.14 6.29 1.07 12.79 1.12 13.86 3.02 11.20 0.92 
KPST01K2-7_13E 48.12 6.30 1.14 13.12 1.09 13.94 2.91 10.98 0.92 
KPST01K2-7_14E 48.76 5.90 1.06 12.70 1.14 14.06 2.92 11.15 0.87 
KPST01K2-7_15E 47.11 6.94 1.43 13.10 1.02 13.72 3.05 11.22 1.03 
KPST01K2-7_16E 47.38 6.84 1.24 13.03 0.98 13.80 3.10 11.33 1.03 
KPST01K2-7_17E 47.97 6.42 1.23 12.85 1.07 13.87 2.98 11.07 0.99 
KPST01K2-7_18E 47.95 5.92 0.95 12.68 1.21 14.43 2.99 11.43 0.90 
KPST01K2-7_19E 47.99 6.06 1.04 12.82 1.23 14.41 2.94 11.16 0.86 
KPST01K2-7_2OE 48.40 5.99 1.09 12.73 1.24 14.25 2.89 11.16 0.88 
KPST01K2-7_21I 47.48 6.73 1.31 13.01 1.15 13.76 3.06 11.10 1.03 
KPST01K2-7_22I 47.57 6.50 1.41 13.07 0.93 13.95 3.04 11.15 1.02 
KPST01K2-7_23I 47.53 6.82 1.33 12.84 0.97 13.58 3.14 11.17 1.05 
KPST01K2-7-24I 46.94 6.91 1.44 13.03 0.85 13.83 3.10 11.36 1.07 
          
KPST01K2-13_1C 48.71 5.81 1.08 13.09 1.15 14.04 2.85 11.02 0.86 
KPST01K2-13_3C 48.06 6.25 1.08 12.96 1.17 13.87 2.95 11.08 0.92 
KPST01K2-13_5C 47.54 6.12 1.07 13.56 1.17 13.95 2.94 11.12 0.94 
KPST01K2-13_6C 48.45 6.14 1.10 13.06 1.15 13.63 2.96 11.16 0.95 
KPST01K2-13_7C 48.10 6.36 1.16 12.80 1.17 13.75 2.91 11.22 0.96 
KPST01K2-13_10c 48.97 5.90 1.08 12.66 1.12 13.85 2.90 11.07 0.91 
KPST01K2-13_11E 48.81 6.07 1.08 12.98 1.19 13.59 2.87 11.03 0.87 
KPST01K2-13_12E 48.51 5.93 1.06 12.69 1.22 14.02 2.97 11.35 0.85 
KPST01K2-13_13E 48.37 6.28 0.99 12.60 1.21 14.12 2.89 11.03 0.96 
KPST01K2-13_14E 48.41 5.95 1.04 12.84 1.18 14.04 2.94 11.23 0.90 
KPST01K2-13_15E 47.74 6.15 1.08 12.79 1.27 14.23 2.93 11.23 0.91 
KPST01K2-13_16E 48.28 6.03 1.14 12.79 1.19 14.14 3.01 10.97 0.88 
KPST01K2-13_17E 48.19 6.57 1.14 12.67 1.17 13.98 2.84 10.94 0.92 
KPST01K2-13_18E 47.65 6.32 1.23 13.25 1.17 13.59 2.87 11.61 0.97 
KPST01K2-13_19E 47.65 6.33 1.15 12.90 1.22 14.24 2.92 11.05 0.94 
KPST01K2-13_20E 48.15 6.15 1.09 12.69 1.21 14.22 3.00 11.08 0.87 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K2-13_21I 48.36 6.25 1.11 12.42 1.20 14.22 3.03 11.03 0.94 
KPST01K2-13_22I 48.30 6.16 1.15 12.73 1.15 14.12 3.00 11.06 0.93 
KPST01K2-13_23I 48.51 5.92 1.15 12.90 1.14 14.04 2.91 11.15 0.89 
KPST01K2-13_25I 47.56 6.53 1.13 13.15 1.18 13.84 2.95 11.12 0.99 
          
KPST01K2-14_1C 47.49 6.91 1.28 12.94 1.22 13.69 3.00 11.07 1.04 
KPST01K2-14_2C 46.87 7.06 1.32 12.84 1.57 13.64 2.96 11.11 1.06 
KPST01K2-14_3C 47.24 6.98 1.38 12.89 0.93 13.90 3.09 11.16 1.01 
KPST01K2-14_4C 47.32 6.85 1.42 12.66 0.90 13.93 3.14 11.42 1.03 
KPST01K2-14-5C 47.32 6.74 1.41 12.82 1.01 13.95 3.07 11.28 1.06 
KPST01K2-14_6C 47.71 6.37 1.18 12.63 0.99 14.16 2.97 11.47 1.06 
KPST01K2-14_7C 47.42 6.93 1.45 12.57 1.00 13.88 3.02 11.30 1.04 
KPST01K2-14_8C 46.70 7.06 1.41 13.12 0.97 13.80 3.07 11.30 1.12 
KPST01K2-14_9C 46.61 7.16 1.46 12.93 1.01 13.77 3.10 11.42 1.10 
KPST01K2-14_10C 47.51 7.15 1.43 12.64 0.98 13.64 2.82 11.20 1.12 
KPST01K2-14_11E 48.20 6.34 1.23 12.79 1.20 13.84 2.92 10.98 0.92 
KPST01K2-14_12E 47.78 6.19 1.27 12.80 1.13 14.04 3.09 11.23 0.92 
KPST01K2-14_13E 48.04 6.61 1.27 12.53 1.02 14.02 3.05 10.93 0.97 
KPST01K2-14_14E 47.46 6.64 1.28 12.92 1.05 14.15 3.01 11.05 1.01 
KPST01K2-14_15E 46.44 6.93 1.38 13.18 1.05 14.32 3.07 11.23 1.01 
KPST01K2-14_16E 47.00 6.84 1.27 12.93 1.15 14.05 3.04 11.26 1.01 
KPST01K2-14_17E 48.57 6.98 1.24 12.65 1.10 13.67 2.87 10.62 0.95 
KPST01K2-14_18E 48.30 6.43 1.16 12.57 1.13 13.87 2.99 11.07 0.99 
KPST01K2-14_20E 48.14 6.57 1.25 12.40 0.96 14.00 2.93 11.25 1.02 
KPST01K2-14_21I 47.56 6.35 1.26 13.02 1.18 13.75 3.00 11.21 1.04 
KPST01K2-14_22I 47.23 6.71 1.35 13.03 1.08 13.73 3.03 11.28 1.08 
KPST01K2-14_23I 48.07 6.57 1.23 12.79 1.06 13.79 3.03 11.08 0.97 
KPST01K2-14_24I 47.56 6.76 1.37 12.78 1.04 13.79 3.08 11.16 1.04 
KPST01K2-14_25I 47.78 6.75 1.25 12.48 0.98 13.88 3.02 11.21 0.97 
          
KPST01K2-15_1C 47.55 6.78 1.36 12.96 1.09 13.59 3.12 11.16 1.03 
KPST01K2-15_2C 47.29 6.74 1.43 12.71 1.07 13.75 3.08 11.34 1.07 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01K2-15_3C 47.01 6.85 1.44 12.70 1.04 13.85 3.13 11.34 1.08 
KPST01K2-15_4C 47.05 6.89 1.34 12.97 0.94 13.84 3.09 11.37 1.01 
KPST01K2-15_5C 47.49 6.62 1.40 12.86 0.88 13.98 3.05 11.28 1.02 
KPST01K2-15_7C 47.77 6.44 1.43 12.59 1.06 13.93 3.14 11.09 1.05 
KPST01K2-15_8C 46.99 6.77 1.46 13.22 1.02 13.75 3.08 11.14 1.11 
KPST01K2-15_9C 47.10 6.81 1.50 13.06 1.02 13.66 3.16 11.18 1.04 
KPST01K2-15_10C 47.61 6.74 1.29 12.92 1.01 13.91 2.97 11.00 1.01 
KPST01K2-15_13E 48.04 6.16 1.12 12.88 1.17 14.18 3.00 11.10 0.94 
KPST01K2-15_14E 48.08 6.40 1.29 12.90 1.09 13.71 2.95 11.17 1.02 
KPST01K2-15_15E 48.28 6.16 1.26 12.67 1.13 13.90 3.01 11.25 0.97 
KPST01K2-15_16E 48.11 5.93 1.18 12.81 1.23 14.16 3.01 11.16 0.93 
KPST01K2-15_17E 47.06 6.51 1.48 12.89 1.00 14.03 3.13 11.35 1.07 
KPST01K2-15_18E 48.05 6.22 1.25 12.83 1.08 13.99 3.07 11.13 0.98 
KPST01K2-15_18E 48.05 6.22 1.25 12.83 1.08 13.99 3.07 11.13 0.98 
KPST01K2-15_19E 48.14 6.25 1.10 12.82 1.06 14.16 2.92 11.17 0.95 
KPST01K2-15_20E 48.92 6.25 1.12 12.54 1.19 13.73 2.77 10.84 0.92 
KPST01K2-15_21I 47.84 6.33 1.23 12.97 1.11 13.79 3.07 11.12 1.00 
KPST01K2-15_22I 49.06 6.33 1.19 12.83 1.10 13.53 2.92 10.56 0.99 
KPST01K2-15_23I 47.92 6.15 1.34 13.21 1.09 13.54 3.12 11.14 1.03 
KPST01K2-15_24I 48.80 6.44 1.29 13.01 1.03 12.87 2.81 10.80 0.96 
KPST01K2-15_25I 47.24 6.22 1.23 13.10 1.04 14.20 3.13 11.19 1.02 
          
KPST01N2-1_1C 46.64 7.18 1.44 13.32 0.91 13.80 3.06 11.10 1.07 
KPST01N2-1_2C 47.26 6.57 1.33 12.89 0.99 14.09 3.00 11.52 1.02 
KPST01N2-1_3C 47.14 6.70 1.43 13.11 0.95 13.85 3.06 11.28 1.06 
KPST01N2-1_4C 47.02 7.09 1.46 12.86 0.94 13.86 3.09 11.21 1.07 
KPST01N2-1_5C 46.63 7.28 1.39 13.09 0.93 13.82 3.07 11.14 1.05 
KPST01N2-1_6C 47.66 7.29 1.50 14.66 0.95 12.40 2.81 9.87 1.06 
KPST01N2-1_7C 47.02 6.75 1.58 12.90 1.00 13.90 3.15 11.35 1.04 
KPST01N2-1_8C 47.15 6.69 1.36 13.26 0.94 13.82 3.12 11.16 1.03 
KPST01N2-1_9C 47.40 6.73 1.37 12.78 0.94 13.89 3.07 11.22 1.01 
KPST01N2-1_10C 47.12 6.73 1.48 12.78 0.96 13.89 3.16 11.31 1.03 
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Appendix F. continued 
          
Analysis Name
a
 SiO2 Al2O3 TiO2 FeO MnO MgO Na2O CaO K2O 
          
KPST01N2-1_11E 46.78 6.91 1.34 12.71 0.99 14.28 3.09 11.31 1.07 
KPST01N2-1_12E 47.55 6.76 1.45 12.85 0.93 13.85 3.02 11.14 1.06 
KPST01N2-1_13E 47.75 6.75 1.35 12.54 0.91 14.01 2.99 11.14 1.03 
KPST01N2-1_14E 47.55 6.71 1.43 13.02 0.93 13.80 3.15 11.10 1.04 
KPST01N2-1_15E 47.98 6.55 1.39 12.65 0.98 13.89 3.11 11.16 1.00 
KPST01N2-1_16E 48.39 6.23 1.11 12.64 1.15 14.09 3.02 10.97 0.94 
KPST01N2-1_17E 48.29 6.24 1.10 12.85 1.09 13.84 3.01 11.14 0.94 
KPST01N2-1_18E 48.11 6.40 1.15 12.65 1.14 14.15 2.95 11.06 0.96 
KPST01N2-1_19E 48.20 6.59 1.23 12.45 1.02 13.98 3.04 11.12 0.96 
KPST01N2-1_20E 47.03 7.01 1.44 13.00 0.97 13.78 3.14 11.17 1.08 
KPST01N2-1_21I 47.52 6.82 1.35 12.53 0.97 13.93 2.98 11.40 1.06 
KPST01N2-1_22I 47.74 6.57 1.32 12.47 1.04 14.04 3.02 11.27 1.03 
          
 
a
 Analysis Name: Pumice clast name –Crystal Number_Spot Number Spot Location (C: Core, E: Edge, I: Interior) 
Analyses normalized to 100% anhydrous 
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APPENDIX G 
 
 
COMPOSITIONS OF PEACH SPRING FELDSPAR CRYSTALS ANALYZED BY 
ELECTRON MICROPROBE
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Appendix G. Compositions of Peach Spring feldspar crystals analyzed by electron 
microprobe.  
 
Analysis Name
a 
SiO2 Al2O3 Na2O K2O CaO FeO Total 
Plagioclase 
       
        
KPST01K-1_1C 65.59 20.66 8.60 1.76 2.84 0.25 99.69 
KPST01K-1_2C 65.65 20.56 8.73 1.77 2.84 0.20 99.74 
KPST01K-1_3C 66.32 20.96 8.71 1.65 3.08 0.22 100.93 
KPST01K-1_4C 64.99 21.00 8.71 1.65 3.14 0.25 99.73 
KPST01K-1_5C 65.59 20.58 8.52 1.68 2.98 0.22 99.56 
KPST01K-1_6C 64.56 20.62 8.70 1.63 3.08 0.26 98.85 
KPST01K-1_7C 65.85 20.51 8.69 1.73 2.87 0.28 99.94 
KPST01K-1_8C 65.17 20.37 8.50 1.73 2.85 0.22 98.82 
KPST01K-1_9C 65.82 20.63 8.66 1.64 2.97 0.24 99.96 
KPST01K-1_10C 65.08 20.39 8.76 1.63 3.10 0.23 99.19 
KPST01K-1-11E 64.95 20.43 8.72 1.64 2.96 0.27 98.97 
KPST01K-1_12E 65.43 20.94 8.52 1.58 3.19 0.28 99.93 
KPST01K-1_13E 64.09 20.91 8.45 1.52 3.29 0.22 98.48 
KPST01K-1_14E 64.69 21.02 8.58 1.71 2.92 0.26 99.18 
KPST01K-1_15E 65.90 20.65 8.81 1.96 2.60 0.25 100.17 
KPST01K-1_16E 65.87 20.96 8.67 1.85 2.72 0.30 100.36 
KPST01K-1_173 64.76 20.92 8.73 1.54 3.24 0.27 99.47 
KPST01K-1_18E 65.23 20.54 8.70 1.57 3.06 0.26 99.35 
KPST01K-1_19E 65.79 20.39 8.83 1.70 2.82 0.23 99.76 
KPST01K-1_20E 64.76 20.33 8.82 1.75 2.74 0.21 98.61 
        
Average KPST01K-1 65.30 20.67 8.67 1.69 2.96 0.25 
 
Average KPST01K-1 edges 65.16 20.70 8.68 1.68 2.95 0.25 
 
                
KPST01K-14_1C 64.97 20.98 8.48 1.54 3.25 0.25 99.47 
KPST01K-14_2C 65.24 20.98 8.63 1.53 3.37 0.29 100.05 
KPST01K-14_3C 65.96 20.26 8.78 1.83 2.81 0.21 99.85 
KPST01K-14_4C 66.18 20.51 8.72 1.82 2.80 0.26 100.29 
KPST01K-14_5C 65.14 20.92 8.60 1.61 3.12 0.25 99.65 
KPST01K-14_6C 65.53 20.79 8.64 1.67 3.12 0.24 99.98 
KPST01K-14_7C 64.76 20.92 8.71 1.64 3.07 0.26 99.34 
KPST01K-14_8C 65.64 21.28 8.74 1.59 3.14 0.26 100.66 
KPST01K-14_9C 65.02 21.22 8.55 1.57 3.23 0.31 99.89 
KPST01K-14_10C 64.52 21.28 8.79 1.66 3.04 0.25 99.53 
KPST01K-14_11E 64.79 20.73 8.69 1.68 2.98 0.25 99.13 
KPST01K-14_12E 65.59 21.05 8.65 1.68 2.96 0.20 100.14 
KPST01K-14_13E 64.96 20.48 8.71 1.58 3.22 0.25 99.20 
KPST01K-14_14E 64.79 20.19 8.69 1.68 2.99 0.25 98.59 
KPST01K-14_15E 65.90 21.09 8.75 1.80 2.71 0.26 100.51 
KPST01K-14_16E 66.06 20.79 8.63 1.86 2.71 0.22 100.26 
KPST01K-14_17E 66.16 20.85 8.64 1.90 2.59 0.26 100.40 
KPST01K-14_18E 65.80 20.83 8.64 1.93 2.57 0.23 99.99 
KPST01K-14_19E 66.39 20.96 8.72 1.83 2.67 0.21 100.78 
KPST01K-14_20E 64.08 20.65 8.71 1.61 3.18 0.25 98.47 
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Appendix G. continued  
 
Analysis Name
a 
SiO2 Al2O3 Na2O K2O CaO FeO Total 
        
Average KPST01K-14 65.37 20.84 8.67 1.70 2.98 0.25 
 
Average  KPST01K-14 edges 65.45 20.76 8.68 1.75 2.86 0.24 
 
        
Average Plagioclase 65.34 20.75 8.67 1.69 2.97 0.25 
 
Average Plagioclase edges 65.30 20.73 8.68 1.72 2.91 0.25 
 
        
Sanidine        
        
KPST01K-2_1C 66.85 18.32 5.02 9.38 0.37 0.20 100.15 
KPST01K-2_2C 66.62 18.17 4.90 9.27 0.39 0.12 99.47 
KPST01K-2_3C 67.01 18.45 4.86 9.28 0.39 0.17 100.16 
KPST01K-2_4C 65.74 18.19 5.00 9.40 0.41 0.17 98.91 
KPST01K-2_5C 66.78 18.60 4.86 9.25 0.36 0.18 100.02 
KPST01K-2_6E 66.98 17.93 4.86 9.51 0.35 0.22 99.84 
KPST01K-2_7E 66.33 18.00 4.81 9.61 0.33 0.18 99.27 
KPST01K-2_8E 67.28 17.68 4.94 9.34 0.36 0.19 99.79 
KPST01K-2_9E 66.62 17.44 4.97 9.37 0.42 0.19 99.01 
KPST01K-2_10E 67.34 17.44 4.97 9.35 0.41 0.18 99.70 
        
KPST01K-3_1C 66.45 17.93 4.86 9.58 0.33 0.12 99.26 
KPST01K-3_2C 66.08 17.60 4.79 9.67 0.31 0.20 98.64 
KPST01K-3_3C 66.12 17.85 4.74 9.56 0.32 0.14 98.73 
KPST01K-2_4C 66.45 17.82 4.80 9.57 0.32 0.12 99.09 
KPST01K-3_5C 66.71 17.81 4.76 9.72 0.34 0.18 99.51 
KPST01K-3_6E 66.31 18.29 4.86 9.59 0.28 0.11 99.45 
KPST01K-3_7E 65.82 18.21 4.80 9.55 0.32 0.18 98.87 
KPST01K-3_8E 66.21 18.32 4.83 9.62 0.32 0.17 99.47 
KPST01K-3_9E 66.44 18.23 4.84 9.59 0.31 0.16 99.57 
KPST01K-3_10E 66.08 18.58 4.79 9.72 0.35 0.19 99.70 
        
KPST01K-6_1C 65.80 18.20 4.87 9.42 0.36 0.17 98.82 
KPST01K-6_2C 66.88 18.60 4.84 9.45 0.33 0.17 100.27 
KPST01K-6_3C 65.98 18.32 4.85 9.53 0.35 0.17 99.19 
KPST01K-6_4C 65.84 17.95 4.90 9.61 0.35 0.16 98.81 
KPST01K-6_5C 65.58 18.02 4.98 9.46 0.37 0.19 98.61 
KPST01K-6_6E 65.12 18.44 5.05 9.41 0.35 0.18 98.54 
KPST01K-6_7E 65.66 17.74 4.91 9.42 0.36 0.20 98.28 
KPST01K-6_8E 66.34 18.16 4.84 9.55 0.33 0.17 99.39 
KPST01K-6_9E 65.86 17.63 4.92 9.58 0.33 0.16 98.48 
KPST01K-6_10E 65.14 18.28 4.82 9.54 0.33 0.16 98.27 
        
KPST01K-8_1C 66.37 17.61 4.92 9.51 0.34 0.13 98.88 
KPST01K-8_2C 67.29 17.73 4.91 9.54 0.34 0.14 99.95 
KPST01K-8_3C 66.74 17.96 4.89 9.47 0.32 0.20 99.58 
KPST01K-8_4C 66.04 17.95 4.85 9.60 0.36 0.17 98.96 
KPST01K-8_5C 66.43 18.33 4.88 9.54 0.33 0.17 99.69 
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Appendix G. continued 
        
Analysis Name
a 
SiO2 Al2O3 Na2O K2O CaO FeO Total 
        
KPST01K-8_6E 66.80 18.28 4.93 9.50 0.36 0.17 100.04 
KPST01K-8_7E 66.89 17.86 4.95 9.65 0.31 0.22 99.88 
KPST01K-8_8E 67.08 18.22 4.90 9.49 0.36 0.19 100.22 
KPST01K-8_9E 66.39 18.17 4.98 9.47 0.34 0.18 99.54 
KPST01K-8_10E 67.48 18.09 4.80 9.45 0.35 0.18 100.34 
        
KPST01K_11_1 67.79 18.31 5.00 9.16 0.43 0.19 100.88 
KPST01K-11_1C 67.65 18.31 5.00 9.42 0.38 0.14 100.89 
KPST01K-11_2C 66.10 18.13 5.09 9.48 0.37 0.14 99.30 
KPST01K-11_3C 67.71 17.81 4.87 9.60 0.38 0.16 100.52 
KPST01K-11_4C 68.24 18.67 4.91 9.55 0.37 0.19 101.93 
KPST01K-11_5C 66.70 18.47 4.96 9.23 0.41 0.17 99.93 
KPSTO1K-11_6E 68.11 17.81 4.88 9.42 0.37 0.19 100.76 
KPST01K-11_7E 67.35 18.29 4.93 9.49 0.37 0.19 100.62 
KPST01K-11_8E 67.79 18.53 4.90 9.63 0.38 0.17 101.41 
KPSTO1K-11_9E 67.05 18.38 4.94 9.62 0.36 0.16 100.51 
KPST01K-11_10E 66.93 18.73 5.06 9.19 0.42 0.15 100.47 
        
KPST01K-12_1C 66.98 18.30 4.78 9.65 0.34 0.13 100.18 
KPST01K-12_2C 66.50 18.25 4.72 9.64 0.31 0.17 99.59 
KPST01K-12_3C 65.77 18.38 4.79 9.63 0.35 0.16 99.08 
KPST01K-12_4C 65.99 18.17 4.77 9.59 0.37 0.20 99.08 
KPST01K-12_5C 65.45 18.21 5.00 9.47 0.35 0.16 98.64 
KPST01K-12_5C 66.87 18.01 4.86 9.53 0.33 0.20 99.81 
KPST01K-12_6E 65.66 18.43 4.92 9.28 0.38 0.16 98.83 
KPST01K-12_7E 65.85 18.35 4.75 9.57 0.34 0.15 99.01 
KPST01K-12_8E 66.99 18.16 4.83 9.40 0.37 0.18 99.94 
KPST01K-12_9E 66.19 18.03 4.97 9.48 0.36 0.14 99.18 
KPST01K-12_10E 66.42 18.28 4.83 9.43 0.35 0.22 99.53 
        
KPST01K-15_1C 66.066 18.24 4.91 9.43 0.39 0.15 99.18 
KPST01K-15_2C 65.253 17.94 5.00 9.37 0.36 0.17 98.09 
KPST01K-15_3C 66.464 18.30 5.12 9.50 0.37 0.16 99.91 
KPST01K-15_4C 65.381 18.46 4.93 9.43 0.38 0.17 98.75 
KPST01K-15_5C 66.059 17.77 4.97 9.22 0.39 0.18 98.59 
KPST01K-15_6E 65.959 18.28 5.07 9.33 0.40 0.20 99.24 
KPST01K-15_7E 65.013 18.45 5.08 9.40 0.36 0.18 98.48 
KPST01K-15_8E 65.537 18.55 4.91 9.37 0.37 0.15 98.88 
KPST01K-15_9E 65.625 17.95 5.03 9.27 0.38 0.16 98.41 
KPST01K-15_10E 65.249 17.94 4.93 9.39 0.39 0.10 97.99 
 
a 
Analysis Name: Pumice clast name –Crystal Number_Spot Number Spot Location (C: 
Core, E: Edge, I: Interior) 
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APPENDIX H 
 
 
PRESSURES AND TEMPERATURES CALCULATED USING AMPHIBOLE 
GEOTHERMOBAROMETRY ON AMPHIBOLE FROM PEACH SPRING TUFF PUMICE 
CLASTS
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Appendix H. Pressures and temperatures calculated using amphibole geothermobarometry on amphibole from Peach Spring Tuff pumice clasts 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A) 
 
P (A&S + 94-B) T (A&S + 94-B) 
 
P (A&S + 90) T (A&S + 90) 
         
KPST01K-1_1C 262 638 
 
226 697 
 
240 681 
KPST01K-1_2C 273 652 
 
249 688 
 
257 678 
KPST01K-1_3C 262 649 
 
234 692 
 
245 679 
KPST01K-1_4C 261 659 
 
231 698 
 
245 682 
KPST01K-1_5I 255 662 
 
218 706 
 
238 686 
KPST01K-1_6C 245 697 
 
224 715 
 
250 691 
KPST01K-1_7C 278 663 
 
263 684 
 
270 675 
KPST01K-1_8C 272 685 
 
259 698 
 
271 686 
KPST01K-1_9C 258 692 
 
238 710 
 
259 691 
KPST01K-1_10C 273 656 
 
235 704 
 
250 689 
KPST01K-1_14E 124 511 
 
196 657 
 
200 648 
KPST01K-1_16E 253 589 
 
253 646 
 
252 651 
KPST01K-1_17E 225 590 
 
203 689 
 
216 671 
         
KPST01K-3_1C 262 667 
 
213 718 
 
246 687 
KPST01K-3_2C 201 737 
 
154 765 
 
233 714 
KPST01K-3_3C 241 694 
 
176 744 
 
232 702 
KPST01K-3_4C 255 664 
 
181 736 
 
230 696 
KPST01K-3_5C 195 547 
 
199 691 
 
217 664 
KPST01K-3_6C 256 651 
 
213 707 
 
241 678 
KPST01K-3_7C 234 572 
 
212 696 
 
231 672 
KPST01K-3_8C 269 663 
 
226 711 
 
254 684 
KPST01K-3_9C 229 718 
 
177 753 
 
242 708 
KPST01K-3_10C 209 730 
 
160 760 
 
234 711 
KPST01K-3_22I 201 736 
 
159 761 
 
236 711 
KPST01K-3_23I 171 753 
 
147 766 
 
236 707 
KPST01K-3_24I 145 754 
 
105 776 
 
212 706 
KPST01K-3_25I 131 776 
 
118 783 
 
230 716 
KPST01K-3_11E 237 697 
 
180 742 
 
235 700 
KPST01K-3_13E 214 718 
 
161 754 
 
230 705 
KPST01K-3_14E 250 684 
 
188 737 
 
238 698 
KPST01K-3_15E 239 702 
 
185 743 
 
240 701 
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Appendix H. continued 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A)  P (A&S + 94-B) T (A&S + 94-B)  P (A&S + 90) T (A&S + 90) 
         
KPST01K-3_16E 251 656 
 
202 714 
 
236 680 
KPST01K-3_17E 249 611 
 
215 694 
 
234 669 
KPST01K-3_18E 258 652  208 713  240 681 
KPST01K-3_19E 257 662 
 
215 710 
 
245 680 
KPST01K-3_20E 84 801 
 
100 794 
 
230 722 
KPST01K-3_21E 166 742 
 
121 769 
 
216 704 
         
KPST01K2-1_1C 228 525 
 
278 602 
 
271 653 
KPST01K2-1_2C 276 576 
 
285 606 
 
257 683 
KPST01K2-1_3C 219 519 
 
276 598 
 
259 671 
KPST01K2-1_4C 211 517 
 
272 601 
 
249 679 
KPST01K2-1_5C 298 605 
 
298 617 
 
253 700 
KPST01K2-1_6C 269 560 
 
289 617 
 
254 690 
KPST01K2-1_7C 279 584 
 
281 589 
 
256 683 
KPST01K2-1_8C 260 560 
 
279 607 
 
254 680 
KPST01K2-1_9C 249 549 
 
275 596 
 
251 681 
KPST01K2-1_21I 282 677 
 
289 668 
 
232 724 
KPST01K2-1_22I 289 664 
 
254 703 
 
229 724 
KPST01K2-1_24I 284 665 
 
292 650 
 
232 719 
KPST01K2-1_25I 276 700 
 
307 664 
 
239 728 
KPST01K2-1_14E 285 694 
 
297 682 
 
241 729 
KPST01K2-1_15E 302 628 
 
303 614 
 
257 700 
         
KPST01K2-2_1C 183 468 
 
0 0 
 
0 886 
KPST01K2-2_2C 211 728 
 
108 787 
 
0 859 
KPST01K2-2_3C 194 733 
 
90 790 
 
0 853 
KPST01K2-2_4C 236 677 
 
112 771 
 
0 832 
KPST01K2-2_5C 238 714 
 
135 777 
 
0 856 
KPST01K2-2_6C 265 658 
 
178 742 
 
0 816 
KPST01K2-2_7C 247 711 
 
148 773 
 
0 854 
KPST01K2-2_8C 254 705 
 
152 771 
 
0 853 
KPST01K2-2_9C 257 682 
 
164 755 
 
0 829 
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Appendix H. continued 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A)  P (A&S + 94-B) T (A&S + 94-B)  P (A&S + 90) T (A&S + 90) 
         
KPST01K2-2_10C 255 693 
 
161 760 
 
0 837 
KPST01K2-2_21I 72 766 
 
63 771 
 
0 805 
KPST01K2-2_22I 107 768 
 
113 765 
 
0 815 
KPST01K2-2_23I 0 809 
 
121 770 
 
0 830 
KPST01K2-2_24I 96 787  134 768  0 832 
KPST01K2-2_13E 157 515  152 731  0 793 
KPST01K2-2_14E 232 577 
 
184 718 
 
0 788 
KPST01K2-2_17E 96 785 
 
132 767 
 
0 828 
KPST01K2-2_18E 114 788 
 
195 746 
 
0 821 
KPST01K2-2_19E 90 781 
 
121 765 
 
0 819 
KPST01K2-2_20E 218 578 
 
226 645 
 
0 730 
         
KPST01K2-3_1C 0 341 
 
0 0 
 
0 796 
KPST01K2-3_4C 242 565 
 
202 714 
 
71 792 
KPST01K2-3_5C 252 651 
 
128 763 
 
0 828 
KPST01K2-3_6C 254 636 
 
150 749 
 
0 816 
KPST01K2-3_10C 209 542 
 
200 706 
 
84 781 
KPST01K2-3_21I 271 603 
 
205 721 
 
65 799 
KPST01K2-3_22I 260 617 
 
145 754 
 
0 825 
KPST01K2-3_25I 195 534 
 
189 712 
 
73 784 
KPST01K2-3_11E 199 535 
 
150 743 
 
0 811 
KPST01K2-3_12E 220 582 
 
123 752 
 
0 810 
KPST01K2-3_14E 215 618 
 
87 766 
 
0 812 
KPST01K2-3_19E 192 527 
 
188 716 
 
68 788 
KPST01K2-3_20E 258 657 
 
130 766 
 
0 836 
         
KPST01K2-7_1C 178 497 
 
198 511 
 
258 658 
KPST01K2-7_4C 266 560 
 
250 541 
 
241 700 
KPST01K2-7_8C 278 591 
 
270 573 
 
239 699 
KPST01K2-7_9C 290 613 
 
276 568 
 
238 706 
KPST01K2-7_10C 280 592  242 533  235 704 
KPST01K2-7_21I 241 543  259 567  242 688 
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Appendix H. continued 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A)  P (A&S + 94-B) T (A&S + 94-B)  P (A&S + 90) T (A&S + 90) 
         
KPST01K2-7_23I 278 584 
 
205 503 
 
258 680 
KPST01K2-7-24I 292 617 
 
217 506 
 
245 702 
KPST01K2-7_15E 291 598 
 
279 567 
 
251 697 
KPST01K2-7_16E 279 588 
 
232 525 
 
248 691 
         
KPST01K2-13_25I 249 581  200 715  230 685 
KPST01K2-13_17E 249 577 
 
232 685 
 
244 668 
KPST01K2-13_19E 199 540 
 
170 725 
 
212 687 
         
KPST01K2-14_1C 280 657 
 
234 710 
 
259 686 
KPST01K2-14_2C 272 686 
 
216 733 
 
257 701 
KPST01K2-14_3C 268 681 
 
221 724 
 
256 695 
KPST01K2-14_4C 275 656 
 
217 720 
 
248 693 
KPST01K2-14-5C 272 640 
 
201 726 
 
237 695 
KPST01K2-14_7C 284 650 
 
234 711 
 
258 688 
KPST01K2-14_8C 265 694 
 
198 744 
 
248 710 
KPST01K2-14_9C 262 704 
 
207 744 
 
254 710 
KPST01K2-14_10C 310 635 
 
275 690 
 
285 680 
KPST01K2-14_22I 274 623 
 
206 722 
 
238 693 
KPST01K2-14_23I 257 597 
 
229 688 
 
243 670 
KPST01K2-14_24I 274 641 
 
224 709 
 
249 685 
KPST01K2-14_25I 277 621 
 
243 691 
 
256 675 
KPST01K2-14_11E 169 513 
 
213 686 
 
227 666 
KPST01K2-14_13E 263 621 
 
227 694 
 
244 673 
KPST01K2-14_14E 262 637 
 
186 730 
 
229 693 
KPST01K2-14_15E 172 754 
 
132 776 
 
227 719 
KPST01K2-14_16E 264 673 
 
182 744 
 
234 705 
KPST01K2-14_17E 294 621 
 
282 659 
 
285 655 
KPST01K2-14_18E 206 537 
 
227 678 
 
236 664 
KPST01K2-14_20E 215 533 
 
236 680 
 
244 668 
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Appendix H. continued 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A)  P (A&S + 94-B) T (A&S + 94-B)  P (A&S + 90) T (A&S + 90) 
         
KPST01K2-15_1C 274 646 
 
229 706 
 
251 683 
KPST01K2-15_2C 276 627 
 
215 716 
 
243 690 
KPST01K2-15_3C 274 660 
 
204 730 
 
242 700 
KPST01K2-15_4C 271 670 
 
209 729 
 
247 699 
KPST01K2-15_5C 264 610 
 
201 718 
 
233 689 
KPST01K2-15_7C 243 588 
 
200 708 
 
226 681 
KPST01K2-15_8C 265 664 
 
187 738 
 
234 701 
KPST01K2-15_9C 262 674 
 
203 729 
 
243 696 
KPST01K2-15_10C 273 638 
 
221 710 
 
248 684 
KPST01K2-15_21I 177 520 
 
198 703 
 
220 677 
KPST01K2-15_22I 190 532 
 
236 640 
 
236 639 
KPST01K2-15_24I 169 502 
 
254 615 
 
253 630 
KPST01K2-15_25I 230 605 
 
137 745 
 
198 695 
KPST01K2-15_17E 257 613 
 
161 743 
 
214 702 
         
KPST01N2-1_1C 244 720 
 
199 749 
 
254 711 
KPST01N2-1_2C 215 533 
 
180 732 
 
221 698 
KPST01N2-1_3C 270 637 
 
189 732 
 
231 698 
KPST01N2-1_4C 267 692 
 
220 731 
 
259 700 
KPST01N2-1_5C 251 721 
 
217 743 
 
266 709 
KPST01N2-1_6C 322 645 
 
303 676 
 
312 663 
KPST01N2-1_7C 261 666 
 
179 742 
 
229 704 
KPST01N2-1_8C 262 656 
 
184 735 
 
230 699 
KPST01N2-1_9C 273 638 
 
214 716 
 
243 689 
KPST01N2-1_10C 267 654 
 
194 731 
 
234 698 
KPST01N2-1_21I 283 613 
 
234 705 
 
253 685 
KPST01N2-1_22I 248 574 
 
214 704 
 
236 681 
KPST01N2-1_11E 248 698 
 
171 753 
 
233 711 
KPST01N2-1_12E 275 633 
 
221 712 
 
247 686 
KPST01N2-1_13E 276 617 
 
232 700 
 
251 680 
KPST01N2-1_14E 264 653 
 
210 717 
 
241 688 
KPST01N2-1_15E 256 602  219 697  237 676 
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Appendix H. continued 
         
Analysis Namea P(A&S + 94-A) T (A&S + 94-A)  P (A&S + 94-B) T (A&S + 94-B)  P (A&S + 90) T (A&S + 90) 
         
KPST01N2-1_16E 74 463 
 
201 688 
 
217 666 
KPST01N2-1_18E 186 524 
 
204 699 
 
225 674 
KPST01N2-1_19E 257 595 
 
234 684 
 
245 668 
KPST01N2-1_20E 263 691 
 
211 733 
 
253 701 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01K-1_1C 244 639 702 912 
KPST01K-1_2C 260 654 697 910 
KPST01K-1_3C 248 650 700 910 
KPST01K-1_4C 250 660 707 913 
KPST01K-1_5I 246 663 712 916 
KPST01K-1_6C 264 695 730 920 
KPST01K-1_7C 271 664 698 907 
KPST01K-1_8C 280 685 714 916 
KPST01K-1_9C 272 690 726 920 
KPST01K-1_10C 261 657 709 918 
KPST01K-1_14E 187 507 651 884 
KPST01K-1_16E 238 590 646 887 
KPST01K-1_17E 213 591 687 904 
     
KPST01K-3_1C 256 667 726 914 
KPST01K-3_2C 271 729 781 934 
KPST01K-3_3C 256 692 752 925 
KPST01K-3_4C 248 664 741 921 
KPST01K-3_5C 211 546 684 895 
KPST01K-3_6C 242 652 713 906 
KPST01K-3_7C 229 572 693 902 
KPST01K-3_8C 261 664 719 911 
KPST01K-3_9C 273 713 767 929 
KPST01K-3_10C 268 723 775 932 
KPST01K-3_22I 270 729 779 932 
KPST01K-3_23I 266 742 791 929 
KPST01K-3_24I 240 743 795 929 
KPST01K-3_25I 271 759 815 936 
KPST01K-3_11E 256 695 749 923 
KPST01K-3_13E 257 713 766 928 
KPST01K-3_14E 258 684 744 922 
KPST01K-3_15E 264 700 753 924 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01K-3_16E 240 657 719 908 
KPST01K-3_17E 230 612 694 899 
KPST01K-3_18E 245 653 718 909 
KPST01K-3_19E 249 663 716 908 
KPST01K-3_20E 279 775 833 940 
KPST01K-3_21E 242 734 784 927 
     
KPST01K2-1_1C 258 523 757 885 
KPST01K2-1_2C 263 577 605 910 
KPST01K2-1_3C 257 516 594 901 
KPST01K2-1_4C 253 514 596 907 
KPST01K2-1_5C 275 607 618 923 
KPST01K2-1_6C 266 560 615 916 
KPST01K2-1_7C 263 585 590 911 
KPST01K2-1_8C 258 560 605 908 
KPST01K2-1_9C 256 548 594 909 
KPST01K2-1_21I 284 677 677 941 
KPST01K2-1_22I 281 665 709 941 
KPST01K2-1_24I 277 666 655 938 
KPST01K2-1_25I 299 697 677 944 
KPST01K2-1_14E 302 692 695 945 
KPST01K2-1_15E 280 630 619 924 
     
KPST01K2-2_1C 290 456 1519 1042 
KPST01K2-2_2C 269 722 800 1031 
KPST01K2-2_3C 258 726 804 1028 
KPST01K2-2_4C 238 677 775 1018 
KPST01K2-2_5C 277 710 790 1029 
KPST01K2-2_6C 255 659 748 1008 
KPST01K2-2_7C 283 707 787 1028 
KPST01K2-2_8C 283 702 783 1027 
KPST01K2-2_9C 263 681 764 1015 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01K2-2_10C 271 692 773 1019 
KPST01K2-2_21I 182 750 860 1003 
KPST01K2-2_22I 225 751 877 1009 
KPST01K2-2_23I 246 777 904 1016 
KPST01K2-2_24I 256 764 888 1017 
KPST01K2-2_13E 209 512 724 996 
KPST01K2-2_14E 225 577 714 992 
KPST01K2-2_17E 251 763 891 1015 
KPST01K2-2_18E 279 765 904 1010 
KPST01K2-2_19E 235 760 892 1010 
KPST01K2-2_20E 211 578 643 952 
     
KPST01K2-3_1C 221 299 1189 997 
KPST01K2-3_4C 240 565 711 994 
KPST01K2-3_5C 238 652 766 1016 
KPST01K2-3_6C 236 638 748 1009 
KPST01K2-3_10C 227 541 701 987 
KPST01K2-3_21I 251 605 721 998 
KPST01K2-3_22I 240 619 753 1014 
KPST01K2-3_25I 222 532 706 989 
KPST01K2-3_11E 225 533 736 1006 
KPST01K2-3_12E 212 583 746 1006 
KPST01K2-3_14E 198 619 763 1008 
KPST01K2-3_19E 226 524 709 992 
KPST01K2-3_20E 247 658 768 1019 
     
KPST01K2-7_1C 248 491 778 889 
KPST01K2-7_4C 263 560 540 924 
KPST01K2-7_8C 260 593 572 923 
KPST01K2-7_9C 267 615 568 928 
KPST01K2-7_10C 262 593 533 927 
KPST01K2-7_21I 253 543 564 915 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01K2-7_23I 262 585 507 908 
KPST01K2-7-24I 269 619 509 925 
KPST01K2-7_15E 271 599 567 922 
KPST01K2-7_16E 262 589 526 917 
     
KPST01K2-13_25I 238 582 711 912 
KPST01K2-13_17E 239 578 681 898 
KPST01K2-13_19E 220 538 718 914 
     
     
KPST01K2-14_1C 268 686 734 918 
KPST01K2-14_2C 281 681 734 920 
KPST01K2-14_3C 273 657 724 918 
KPST01K2-14_4C 263 642 728 920 
KPST01K2-14-5C 254 651 716 915 
KPST01K2-14_7C 269 692 755 931 
KPST01K2-14_8C 282 701 756 931 
KPST01K2-14_9C 290 636 699 908 
KPST01K2-14_10C 289 625 723 918 
KPST01K2-14_22I 253 598 686 900 
KPST01K2-14_23I 239 642 713 912 
KPST01K2-14_24I 256 623 692 904 
KPST01K2-14_25I 256 510 678 897 
KPST01K2-14_11E 222 623 695 902 
KPST01K2-14_13E 243 639 731 919 
KPST01K2-14_14E 244 743 792 938 
KPST01K2-14_15E 271 673 747 928 
KPST01K2-14_16E 262 622 667 887 
KPST01K2-14_17E 272 535 672 895 
KPST01K2-14_18E 229 531 675 898 
KPST01K2-14_20E 240 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01K2-15_1C 258 647 711 911 
KPST01K2-15_2C 255 629 718 916 
KPST01K2-15_3C 264 661 736 923 
KPST01K2-15_4C 268 671 735 923 
KPST01K2-15_5C 244 611 717 915 
KPST01K2-15_7C 230 589 706 909 
KPST01K2-15_8C 258 664 744 925 
KPST01K2-15_9C 261 674 736 921 
KPST01K2-15_10C 254 639 713 911 
KPST01K2-15_21I 221 517 697 906 
KPST01K2-15_22I 220 531 636 874 
KPST01K2-15_24I 234 500 609 866 
KPST01K2-15_25I 214 607 741 920 
KPST01K2-15_17E 237 615 741 925 
     
     
KPST01N2-1_1C 291 715 765 932 
KPST01N2-1_2C 240 531 726 922 
KPST01N2-1_3C 251 638 734 922 
KPST01N2-1_4C 283 691 743 924 
KPST01N2-1_5C 300 716 762 930 
KPST01N2-1_6C 304 646 703 894 
KPST01N2-1_7C 255 667 745 927 
KPST01N2-1_8C 250 657 738 923 
KPST01N2-1_9C 254 640 718 915 
KPST01N2-1_10C 254 656 734 923 
KPST01N2-1_21I 261 615 706 912 
KPST01N2-1_22I 240 574 701 909 
KPST01N2-1_11E 268 696 761 932 
KPST01N2-1_12E 255 635 715 913 
KPST01N2-1_13E 254 619 701 908 
KPST01N2-1_14E 251 654 722 914 
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Appendix H. continued 
     
Analysis Namea P (Schmidt) T (Schmidt + 94-A) T (Schmidt + 94-B) T (Schmidt + 90) 
     
KPST01N2-1_15E 238 603 696 904 
KPST01N2-1_16E 211 455 679 896 
KPST01N2-1_18E 224 521 693 904 
KPST01N2-1_19E 240 596 681 898 
KPST01N2-1_20E 276 690 744 924 
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Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01K-1_1C 139 644 700 920 
KPST01K-1_2C 152 658 695 917 
KPST01K-1_3C 142 655 698 918 
KPST01K-1_4C 144 665 705 920 
KPST01K-1_5I 140 668 711 923 
KPST01K-1_6C 156 700 729 928 
KPST01K-1_7C 162 669 696 915 
KPST01K-1_8C 171 690 712 923 
KPST01K-1_9C 163 696 725 928 
KPST01K-1_10C 153 662 708 926 
KPST01K-1_14E 88 511 648 892 
KPST01K-1_16E 133 594 643 894 
KPST01K-1_17E 111 595 685 912 
     
KPST01K-3_1C 149 672 724 921 
KPST01K-3_2C 162 735 780 942 
KPST01K-3_3C 149 698 751 933 
KPST01K-3_4C 142 670 740 929 
KPST01K-3_5C 109 550 682 903 
KPST01K-3_6C 137 657 711 914 
KPST01K-3_7C 125 576 692 910 
KPST01K-3_8C 154 669 717 919 
KPST01K-3_9C 164 719 766 937 
KPST01K-3_10C 160 730 774 940 
KPST01K-3_22I 161 735 778 939 
KPST01K-3_23I 158 749 790 937 
KPST01K-3_24I 135 750 795 937 
KPST01K-3_25I 162 766 815 943 
KPST01K-3_11E 149 701 748 931 
KPST01K-3_13E 150 720 765 936 
KPST01K-3_14E 150 689 743 930 
KPST01K-3_15E 156 706 752 932 
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Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01K-3_16E 135 662 717 916 
KPST01K-3_17E 126 616 692 907 
KPST01K-3_18E 139 658 716 917 
KPST01K-3_19E 143 667 714 916 
KPST01K-3_20E 170 783 833 948 
KPST01K-3_21E 137 741 784 935 
     
KPST01K2-1_1C 151 527 754 892 
KPST01K2-1_2C 155 581 603 918 
KPST01K2-1_3C 150 520 592 908 
KPST01K2-1_4C 146 518 595 915 
KPST01K2-1_5C 166 612 616 931 
KPST01K2-1_6C 158 565 614 923 
KPST01K2-1_7C 155 590 588 918 
KPST01K2-1_8C 151 564 603 916 
KPST01K2-1_9C 149 553 593 917 
KPST01K2-1_21I 174 684 677 949 
KPST01K2-1_22I 171 671 709 949 
KPST01K2-1_24I 167 672 655 945 
KPST01K2-1_25I 187 704 677 952 
KPST01K2-1_14E 190 699 695 952 
KPST01K2-1_15E 170 635 618 931 
     
KPST01K2-2_1C 179 462 1519 1050 
KPST01K2-2_2C 160 728 799 1038 
KPST01K2-2_3C 151 733 804 1036 
KPST01K2-2_4C 133 683 775 1026 
KPST01K2-2_5C 168 716 789 1037 
KPST01K2-2_6C 148 664 747 1016 
KPST01K2-2_7C 173 713 786 1036 
KPST01K2-2_8C 173 708 782 1035 
KPST01K2-2_9C 155 687 763 1023 
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Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01K2-2_10C 162 697 772 1027 
KPST01K2-2_21I 83 760 860 1012 
KPST01K2-2_22I 122 760 876 1017 
KPST01K2-2_23I 140 787 903 1024 
KPST01K2-2_24I 149 772 887 1025 
KPST01K2-2_13E 107 516 722 1003 
KPST01K2-2_14E 121 581 712 1000 
KPST01K2-2_17E 145 771 890 1023 
KPST01K2-2_18E 170 773 903 1018 
KPST01K2-2_19E 130 769 891 1018 
KPST01K2-2_20E 109 581 639 959 
     
     
KPST01K2-3_1C 118 304 1188 1005 
KPST01K2-3_4C 134 569 709 1002 
KPST01K2-3_5C 133 657 765 1024 
KPST01K2-3_6C 131 643 747 1016 
KPST01K2-3_10C 124 545 699 995 
KPST01K2-3_21I 145 609 719 1006 
KPST01K2-3_22I 134 624 752 1021 
KPST01K2-3_25I 119 536 704 997 
KPST01K2-3_11E 121 537 735 1014 
KPST01K2-3_12E 110 588 745 1014 
KPST01K2-3_14E 98 625 762 1016 
KPST01K2-3_19E 123 528 707 1000 
KPST01K2-3_20E 141 664 767 1027 
     
     
KPST01K2-7_1C 142 496 776 897 
KPST01K2-7_4C 155 565 539 931 
KPST01K2-7_8C 153 598 571 931 
KPST01K2-7_9C 159 621 568 936 
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Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01K2-7_10C 154 599 532 935 
KPST01K2-7_21I 147 547 563 922 
KPST01K2-7_23I 154 590 505 916 
KPST01K2-7-24I 161 625 508 933 
KPST01K2-7_15E 162 604 566 929 
KPST01K2-7_16E 154 594 524 925 
     
KPST01K2-13_25I 133 586 710 920 
KPST01K2-13_17E 134 582 679 906 
KPST01K2-13_19E 117 543 717 921 
     
KPST01K2-14_1C 160 698 755 915 
KPST01K2-14_2C 172 686 755 927 
KPST01K2-14_3C 165 662 723 915 
KPST01K2-14_4C 155 647 727 927 
KPST01K2-14-5C 147 656 715 922 
KPST01K2-14_7C 161 698 754 939 
KPST01K2-14_8C 172 707 755 939 
KPST01K2-14_9C 179 640 696 915 
KPST01K2-14_10C 178 630 722 926 
KPST01K2-14_22I 147 603 684 908 
KPST01K2-14_23I 134 647 711 919 
KPST01K2-14_24I 149 627 690 911 
KPST01K2-14_25I 149 514 676 905 
KPST01K2-14_11E 118 627 693 910 
KPST01K2-14_13E 137 644 730 927 
KPST01K2-14_14E 139 750 792 945 
KPST01K2-14_15E 162 679 746 935 
KPST01K2-14_16E 154 625 664 894 
KPST01K2-14_17E 163 539 670 902 
KPST01K2-14_18E 125 535 673 906 
KPST01K2-14_20E 135 
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Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01K2-15_1C 151 652 709 918 
KPST01K2-15_2C 148 634 716 924 
KPST01K2-15_3C 156 666 734 931 
KPST01K2-15_4C 159 676 733 930 
KPST01K2-15_5C 138 616 716 923 
KPST01K2-15_7C 126 594 705 917 
KPST01K2-15_8C 151 670 743 933 
KPST01K2-15_9C 154 679 735 929 
KPST01K2-15_10C 148 644 711 919 
KPST01K2-15_21I 118 521 695 914 
KPST01K2-15_22I 117 534 633 881 
KPST01K2-15_24I 129 502 605 873 
KPST01K2-15_25I 111 613 741 928 
KPST01K2-15_17E 132 620 741 933 
     
KPST01N2-1_1C 180 721 764 940 
KPST01N2-1_2C 135 535 726 930 
KPST01N2-1_3C 145 644 733 930 
KPST01N2-1_4C 173 696 742 931 
KPST01N2-1_5C 188 721 761 938 
KPST01N2-1_6C 191 649 700 901 
KPST01N2-1_7C 148 672 744 934 
KPST01N2-1_8C 144 662 737 931 
KPST01N2-1_9C 147 645 716 923 
KPST01N2-1_10C 148 661 733 930 
KPST01N2-1_21I 153 620 704 920 
KPST01N2-1_22I 135 579 700 917 
KPST01N2-1_11E 160 702 761 940 
KPST01N2-1_12E 148 640 713 921 
KPST01N2-1_13E 148 623 699 916 
KPST01N2-1_14E 145 659 721 922 
KPST01N2-1_15E 133 608 694 912 
238 
 
Appendix H. continued 
     
Analysis Namea P (J&R) T (J&R + 94-A) T (J&R + 94-B) T (J&R + 90) 
     
KPST01N2-1_16E 109 459 677 904 
KPST01N2-1_18E 121 525 691 911 
KPST01N2-1_19E 135 600 679 906 
KPST01N2-1_20E 167 695 743 932 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01K-1_1C 184 648 699 925 
KPST01K-1_2C 200 662 694 924 
KPST01K-1_3C 188 659 697 924 
KPST01K-1_4C 191 669 704 926 
KPST01K-1_5I 186 672 710 929 
KPST01K-1_6C 205 705 728 934 
KPST01K-1_7C 212 672 695 921 
KPST01K-1_8C 222 694 711 930 
KPST01K-1_9C 214 701 723 934 
KPST01K-1_10C 202 666 707 932 
KPST01K-1_14E 124 513 647 896 
KPST01K-1_16E 178 596 641 900 
KPST01K-1_17E 151 599 684 917 
     
KPST01K-3_1C 197 677 723 928 
KPST01K-3_2C 213 741 780 949 
KPST01K-3_3C 197 703 751 939 
KPST01K-3_4C 188 674 739 935 
KPST01K-3_5C 149 553 681 908 
KPST01K-3_6C 182 661 710 920 
KPST01K-3_7C 168 579 691 915 
KPST01K-3_8C 202 673 716 925 
KPST01K-3_9C 214 725 765 944 
KPST01K-3_10C 210 735 774 946 
KPST01K-3_22I 211 741 778 946 
KPST01K-3_23I 207 754 790 943 
KPST01K-3_24I 180 755 794 943 
KPST01K-3_25I 212 772 814 950 
KPST01K-3_11E 197 705 747 937 
KPST01K-3_13E 198 725 765 942 
KPST01K-3_14E 198 694 742 936 
KPST01K-3_15E 205 710 751 938 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01K-3_16E 180 666 716 922 
KPST01K-3_17E 169 619 690 913 
KPST01K-3_18E 185 662 715 923 
KPST01K-3_19E 189 671 713 922 
KPST01K-3_20E 221 790 833 955 
KPST01K-3_21E 182 746 783 941 
     
KPST01K2-1_1C 199 531 752 898 
KPST01K2-1_2C 204 585 602 924 
KPST01K2-1_3C 197 523 590 914 
KPST01K2-1_4C 193 521 593 921 
KPST01K2-1_5C 217 617 616 938 
KPST01K2-1_6C 208 568 613 930 
KPST01K2-1_7C 204 593 587 924 
KPST01K2-1_8C 199 567 602 922 
KPST01K2-1_9C 197 556 591 923 
KPST01K2-1_21I 226 690 676 956 
KPST01K2-1_22I 223 677 708 956 
KPST01K2-1_24I 219 678 655 952 
KPST01K2-1_25I 242 710 676 959 
KPST01K2-1_14E 245 705 694 960 
KPST01K2-1_15E 222 640 617 938 
     
KPST01K2-2_1C 232 469 1518 1057 
KPST01K2-2_2C 210 734 799 1045 
KPST01K2-2_3C 198 738 803 1042 
KPST01K2-2_4C 177 687 774 1031 
KPST01K2-2_5C 219 722 789 1044 
KPST01K2-2_6C 195 668 745 1022 
KPST01K2-2_7C 225 719 785 1042 
KPST01K2-2_8C 225 714 781 1042 
KPST01K2-2_9C 204 691 762 1029 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01K2-2_10C 212 702 771 1033 
KPST01K2-2_21I 118 765 860 1016 
KPST01K2-2_22I 164 766 875 1022 
KPST01K2-2_23I 186 794 902 1030 
KPST01K2-2_24I 197 779 886 1031 
KPST01K2-2_13E 147 519 721 1008 
KPST01K2-2_14E 164 584 711 1005 
KPST01K2-2_17E 191 778 889 1029 
KPST01K2-2_18E 221 780 901 1024 
KPST01K2-2_19E 174 775 890 1024 
KPST01K2-2_20E 149 582 637 964 
     
KPST01K2-3_1C 160 308 1187 1010 
KPST01K2-3_4C 179 572 708 1008 
KPST01K2-3_5C 178 662 765 1029 
KPST01K2-3_6C 175 647 746 1022 
KPST01K2-3_10C 166 547 698 1000 
KPST01K2-3_21I 191 612 718 1012 
KPST01K2-3_22I 179 628 751 1027 
KPST01K2-3_25I 161 539 703 1002 
KPST01K2-3_11E 164 540 734 1019 
KPST01K2-3_12E 150 592 745 1019 
KPST01K2-3_14E 136 629 762 1020 
KPST01K2-3_19E 165 531 706 1005 
KPST01K2-3_20E 187 668 767 1033 
     
KPST01K2-7_1C 188 500 774 903 
KPST01K2-7_4C 204 569 538 938 
KPST01K2-7_8C 201 602 570 937 
KPST01K2-7_9C 209 626 567 942 
KPST01K2-7_10C 203 603 532 941 
KPST01K2-7_21I 194 551 562 928 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01K2-7_23I 203 593 504 922 
KPST01K2-7-24I 211 629 507 939 
KPST01K2-7_15E 212 609 565 936 
KPST01K2-7_16E 203 598 523 931 
     
KPST01K2-13_25I 177 590 709 926 
KPST01K2-13_17E 179 584 677 911 
KPST01K2-13_19E 159 546 717 927 
     
KPST01K2-14_1C 209 651 688 910 
KPST01K2-14_2C 224 691 688 934 
KPST01K2-14_3C 215 666 722 910 
KPST01K2-14_4C 204 651 726 934 
KPST01K2-14-5C 194 660 713 929 
KPST01K2-14_7C 211 651 753 945 
KPST01K2-14_8C 224 712 688 946 
KPST01K2-14_9C 232 644 694 910 
KPST01K2-14_10C 231 634 721 932 
KPST01K2-14_22I 194 606 683 913 
KPST01K2-14_23I 179 651 710 925 
KPST01K2-14_24I 197 630 688 917 
KPST01K2-14_25I 197 516 675 910 
KPST01K2-14_11E 160 631 691 916 
KPST01K2-14_13E 183 648 729 933 
KPST01K2-14_14E 184 756 791 952 
KPST01K2-14_15E 213 684 745 942 
KPST01K2-14_16E 203 628 661 900 
KPST01K2-14_17E 213 542 669 908 
KPST01K2-14_18E 168 538 672 912 
KPST01K2-14_20E 179 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01K2-15_1C 198 655 708 924 
KPST01K2-15_2C 196 638 715 930 
KPST01K2-15_3C 205 670 734 938 
KPST01K2-15_4C 209 681 733 937 
KPST01K2-15_5C 184 620 715 929 
KPST01K2-15_7C 169 597 704 922 
KPST01K2-15_8C 199 674 742 939 
KPST01K2-15_9C 202 684 734 935 
KPST01K2-15_10C 195 648 710 925 
KPST01K2-15_21I 160 524 694 919 
KPST01K2-15_22I 158 536 630 886 
KPST01K2-15_24I 173 503 602 878 
KPST01K2-15_25I 152 616 741 934 
KPST01K2-15_17E 176 625 740 939 
     
KPST01N2-1_1C 234 726 763 947 
KPST01N2-1_2C 180 539 725 936 
KPST01N2-1_3C 192 648 732 936 
KPST01N2-1_4C 225 701 741 938 
KPST01N2-1_5C 243 727 759 945 
KPST01N2-1_6C 247 652 697 908 
KPST01N2-1_7C 196 677 744 941 
KPST01N2-1_8C 190 667 736 937 
KPST01N2-1_9C 195 649 715 929 
KPST01N2-1_10C 195 665 732 936 
KPST01N2-1_21I 202 623 703 926 
KPST01N2-1_22I 180 582 699 923 
KPST01N2-1_11E 209 707 760 946 
KPST01N2-1_12E 196 644 712 927 
KPST01N2-1_13E 195 627 698 922 
KPST01N2-1_14E 192 663 720 928 
KPST01N2-1_15E 177 611 693 918 
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Appendix H. continued 
     
Analysis Namea P (H&Z) T (H&Z + 94-A) T (H&Z + 94-B) T (H&Z + 90) 
     
KPST01N2-1_16E 149 461 676 909 
KPST01N2-1_18E 163 528 690 917 
KPST01N2-1_19E 180 603 678 912 
KPST01N2-1_20E 218 700 742 938 
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Appendix H. continued 
      
Analysis Namea P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K-1_1C 99 813  504 862 
KPST01K-1_2C 104 817  499 854 
KPST01K-1_3C 100 816  498 857 
KPST01K-1_4C 101 816  539 866 
KPST01K-1_5I 100 817  494 858 
KPST01K-1_6C 105 819  596 881 
KPST01K-1_7C 107 813  567 867 
KPST01K-1_8C 111 825  541 863 
KPST01K-1_9C 108 824  565 866 
KPST01K-1_10C 104 824  470 854 
KPST01K-1_12E 80 787  484 868 
KPST01K-1_13E 80 788  501 874 
KPST01K-1_14E 83 780  647 898 
KPST01K-1_15E 81 783  503 867 
KPST01K-1_16E 97 796  536 868 
KPST01K-1_17E 90 801  597 887 
KPST01K-1_18E 82 787  513 874 
KPST01K-1_19E 88 806  554 892 
KPST01K-1_20E 77 778  412 849 
KPST01K-1_21E 79 786  443 859 
KPST01K-1_22I 99 814  469 851 
KPST01K-1_23I 104 824  496 856 
KPST01K-1_24I 103 830  608 896 
KPST01K-1_25I 104 821  0 0 
  
   
 
KPST01K-3_1C 103 818  571 874 
KPST01K-3_2C 107 836  615 889 
KPST01K-3_3C 103 825  574 882 
KPST01K-3_4C 100 817  536 870 
KPST01K-3_5C 89 792  551 878 
KPST01K-3_6C 98 807  619 885 
KPST01K-3_7C 95 807  452 850 
KPST01K-3_8C 104 819  541 868 
KPST01K-3_9C 108 830  624 893 
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Appendix H. continued 
      
Analysis Namea P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K-3_10C 107 834  569 876 
KPST01K-3_11E 103 825  585 881 
KPST01K-3_13E 103 828  637 893 
KPST01K-3_14E 103 823  527 869 
KPST01K-3_15E 105 823  575 876 
KPST01K-3_16E 98 808  614 887 
KPST01K-3_17E 95 803  480 853 
KPST01K-3_18E 99 810  497 861 
KPST01K-3_19E 100 813  544 872 
KPST01K-3_20E 109 857  849 936 
KPST01K-3_21E 97 834  693 910 
KPST01K-3_22I 107 834  645 893 
KPST01K-3_24I 97 841  704 912 
KPST01K-3_25I 106 846  656 895 
      
KPST01K2-1_1C 103 802  547 858 
KPST01K2-1_2C 105 812  509 855 
KPST01K2-1_3C 102 807  547 862 
TESTPOINT 101 812  496 853 
KPST01K2-1_4C 101 811  485 848 
KPST01K2-1_5C 109 827  548 868 
KPST01K2-1_6C 106 819  526 858 
KPST01K2-1_7C 105 815  530 863 
KPST01K2-1_8C 103 810  590 876 
KPST01K2-1_9C 103 812  550 866 
KPST01K2-1-10C 107 817  560 870 
KPST01K2-1-11E 93 784  657 887 
KPST01K2-1_12E 88 795  582 882 
KPST01K2-1_13E 91 803  624 890 
KPST01K2-1_14E 117 849  705 902 
KPST01K2-1_15E 110 826  518 858 
KPST01K2-1_17E 82 776  525 871 
KPST01K2-1_18E 87 801  533 877 
KPST01K2-1_21I 111 848  661 900 
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Appendix H. continued 
      
Analysis Name P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K2-1_22I 110 856  548 877 
KPST01K2-1_24I 109 840  622 891 
KPST01K2-1_25I 117 849  579 882 
      
KPST01K2-2_1C 113 857  633 896 
KPST01K2-2_2C 107 839  576 880 
KPST01K2-2_3C 103 833  566 878 
KPST01K2-2_4C 97 822  515 868 
KPST01K2-2_5C 110 838  558 875 
KPST01K2-2_6C 102 821  511 861 
KPST01K2-2_7C 112 837  545 873 
KPST01K2-2_8C 112 838  525 868 
KPST01K2-2_9C 105 825  530 867 
KPST01K2-2_10C 108 828  549 870 
KPST01K2-2_11C 89 800  450 845 
KPST01K2-2_12E 84 792  404 833 
KPST01K2-2_13E 89 799  447 845 
KPST01K2-2_14E 94 802  458 843 
KPST01K2-2_15E 89 784  411 825 
KPST01K2-2_17E 102 819  503 860 
KPST01K2-2_18E 111 829  524 859 
KPST01K2-2_19E 97 816  491 861 
KPST01K2-2_21I 83 796  403 840 
KPST01K2-2_22I 94 809  465 851 
KPST01K2-2_23I 100 821  499 861 
KPST01K2-2_24I 103 821  498 858 
KPST01K2-2_25I 102 823  515 864 
      
KPST01K2-3_1C 92 807  459 853 
KPST01K2-3_2C 88 806  411 847 
KPST01K2-3_3C 89 804  504 870 
KPST01K2-3_4C 98 810  466 854 
KPST01K2-3_5C 97 820  590 885 
KPST01K2-3_6C 97 816  547 881 
248 
 
Appendix H. continued 
      
Analysis Name P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K2-3_7C 82 796  400 849 
KPST01K2-3_8C 86 785  418 841 
KPST01K2-3_9C 86 804  480 871 
KPST01K2-3_10C 94 799  458 855 
KPST01K2-3_11E 94 812  529 876 
KPST01K2-3_12E 90 809  581 887 
KPST01K2-3_14E 86 812  641 905 
KPST01K2-3_15E 81 788  437 852 
KPST01K2-3_16E 73 778  405 853 
KPST01K2-3_17E 85 796  473 862 
KPST01K2-3_18E 82 801  481 876 
KPST01K2-3_19E 94 803  486 860 
KPST01K2-3_20E 100 825  487 861 
KPST01K2-3_21I 101 811  477 855 
KPST01K2-3_22I 98 821  561 881 
KPST01K2-3_23I 81 798  431 858 
KPST01K2-3_24I 84 803  528 880 
KPST01K2-3_25I 93 802  456 849 
  
   
 
KPST01K2-7_1C 101 822  423 840 
KPST01K2-7_2C 100 811  437 840 
KPST01K2-7_4C 105 832  535 874 
KPST01K2-7_5C 97 813  453 850 
KPST01K2-7_6C 94 807  426 842 
KPST01K2-7_8C 104 828  511 865 
KPST01K2-7_9C 107 833  548 872 
KPST01K2-7_10C 105 835  500 862 
KPST01K2-7_11E 97 817  490 861 
KPST01K2-7_12E 92 805  465 855 
KPST01K2-7_13E 91 802  443 852 
KPST01K2-7_14E 83 791  412 849 
KPST01K2-7_15E 108 830  503 862 
KPST01K2-7_16E 105 826  482 850 
KPST01K2-7_17E 94 808  484 860 
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Appendix H. continued 
      
Analysis Namea P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K2-7_18E 84 809  473 871 
KPST01K2-7_19E 86 806  499 879 
KPST01K2-7_2OE 84 799  466 871 
KPST01K2-7_21I 102 820  583 881 
KPST01K2-7_22I 96 818  446 852 
KPST01K2-7_23I 105 823  505 853 
KPST01K2-7-24I 108 834  439 842 
      
KPST01K2-13_1C 81 788  407 852 
KPST01K2-13_3C 91 803  508 870 
KPST01K2-13_5C 88 808  480 868 
KPST01K2-13_6C 88 797  444 849 
KPST01K2-13_7C 93 806  470 859 
KPST01K2-13_10c 83 787  405 842 
KPST01K2-13_12E 84 799  444 863 
KPST01K2-13_13E 91 800  506 866 
KPST01K2-13_14E 84 798  439 857 
KPST01K2-13_15E 88 811  526 885 
KPST01K2-13_16E 85 799  499 874 
KPST01K2-13_17E 97 805  494 863 
KPST01K2-13_19E 92 812  534 883 
KPST01K2-13_20E 88 804  510 877 
KPST01K2-13_21I 90 804  573 885 
KPST01K2-13_22I 88 802  485 866 
KPST01K2-13_23I 83 795  414 854 
KPST01K2-13_25I 97 814  537 873 
  
   
 
KPST01K2-14_1C 107 822  621 885 
KPST01K2-14_2C 111 833  947 948 
KPST01K2-14_3C 109 829  486 854 
KPST01K2-14_4C 106 833  450 847 
KPST01K2-14-5C 103 827  492 861 
KPST01K2-14_6C 94 819  414 840 
KPST01K2-14_7C 107 829  479 856 
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Appendix H. continued 
      
Analysis Namea P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K2-14_8C 112 839  540 867 
KPST01K2-14_9C 114 844  545 869 
KPST01K2-14_11E 92 802  499 869 
KPST01K2-14_12E 90 812  498 875 
KPST01K2-14_13E 99 810  508 862 
KPST01K2-14_14E 99 820  514 868 
KPST01K2-14_15E 107 847  568 887 
KPST01K2-14_16E 105 832  597 889 
KPST01K2-14_17E 107 800  529 857 
KPST01K2-14_18E 95 804  501 860 
KPST01K2-14_20E 98 813  405 833 
KPST01K2-14_21I 94 814  525 874 
KPST01K2-14_22I 102 825  518 866 
KPST01K2-14_23I 98 809  482 855 
KPST01K2-14_24I 103 821  518 863 
KPST01K2-14_25I 103 818  452 845 
  
   
 
KPST01K2-15_1C 104 821  555 871 
KPST01K2-15_2C 103 829  515 867 
KPST01K2-15_3C 106 834  562 877 
KPST01K2-15_4C 107 832  466 851 
KPST01K2-15_5C 99 822  408 838 
KPST01K2-15_6C 0 0  0 0 
KPST01K2-15_7C 95 816  534 873 
KPST01K2-15_8C 104 828  532 869 
KPST01K2-15_9C 105 828  534 870 
KPST01K2-15_12E 0 0  501 871 
KPST01K2-15_13E 88 806  450 851 
KPST01K2-15_14E 94 807  453 858 
KPST01K2-15_15E 89 806  504 880 
KPST01K2-15_16E 84 803  488 867 
KPST01K2-15_17E 97 830  475 861 
KPST01K2-15_18E 90 807  0 0 
KPST01K2-15_19E 0 0  446 849 
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Appendix H. continued 
      
Analysis Namea P (Ridolfi 2010) T (Ridolfi 2010)  P (Ridolfi 2012) T (Ridolfi 2012) 
      
KPST01K2-15_20E 90 786  510 867 
KPST01K2-15_21I 93 809  481 847 
KPST01K2-15_22I 0 782  478 859 
KPST01K2-15_23I 89 807  387 820 
KPST01K2-15_24I 0 788  511 873 
KPST01K2-15_25I 90 820  0 0 
  
   
 
KPST01N2-1_1C 114 838  515 859 
KPST01N2-1_2C 98 828  424 850 
KPST01N2-1_3C 102 827  455 852 
KPST01N2-1_4C 112 835  512 859 
KPST01N2-1_5C 118 840  533 861 
KPST01N2-1_6C 117 793  531 842 
KPST01N2-1_7C 103 834  502 870 
KPST01N2-1_8C 101 825  499 861 
KPST01N2-1_9C 103 824  469 853 
KPST01N2-1_10C 103 831  514 870 
KPST01N2-1_11E 107 839  535 871 
KPST01N2-1_12E 103 821  456 849 
KPST01N2-1_13E 102 819  443 844 
KPST01N2-1_14E 102 821  477 852 
KPST01N2-1_15E 97 815  462 852 
KPST01N2-1_16E 90 800  506 866 
KPST01N2-1_17E 90 801  448 849 
KPST01N2-1_18E 93 808  499 866 
KPST01N2-1_19E 98 810  464 850 
KPST01N2-1_20E 110 833  549 868 
KPST01N2-1_21I 105 827  442 844 
KPST01N2-1_22I 98 819  473 857 
 
a Analysis Name: Pumice clast name –Crystal Number_Spot Number Spot Location (C: Core, E: Edge, I: Interior) 
 
Full descriptions and references for geobarometer abbreviations can be found in Table 2 of the main text. See Error! Reference source not found. in main text for plots 
using amphibole formulas recalculated using the 13eCNK method of Robinson et al. (1984). 
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PRESSURES CALCULATED USING RHYOLITE-MELTS GEOBAROMETRY ON GLASS 
FROM PEACH SPRING TUFF PUMICE CLASTS
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Appendix I.  Pressures calculated using rhyolite-MELTS geobarometry on glass from Peach Spring Tuff 
pumice clasts 
      
Analysis 
Name
a
 
Q2F QF QS QP SP 
      
1A_1 - 303 303 136 - 
1A_2 - - - - - 
1A_3 - 259 259 118 - 
1A_4 - - - - - 
1A_5 - - - - - 
1A_6 - - - - - 
1B_1 - - - - - 
1B_2 - - - - - 
1B_3 - - - - - 
1B_4 - 318 318 154 - 
1B_5 210 213 213 137 210 
1B_6 - 398 398 - - 
1B_7 - - - - - 
2A_1 - - - - - 
2A_2 - - - - - 
2A_3 - - - - - 
2A_4 - 365 365 - - 
2A_5 - - - - - 
2A_6 - - - - - 
2A_7 - 383 383 - - 
2A_8 - 356 356 137 - 
2A_9 - 327 327 - - 
2B_1 - - - - - 
2B_2 - - - - - 
2B_3 - - - - - 
2B_4 - 339 339 - - 
2B_5 - 260 260 - - 
2B_6 - - - - - 
2B_7 - - - - - 
2B_8 - - - - - 
2B_9
 
- - - - - 
2B_10 - - - - - 
2C_1 - 246 246 134 - 
2C_2 - 248 248 131 - 
2C_3 - - - - - 
2C_4 - 285 285 114 - 
2C_5 - 298 298 121 - 
2C_6 - 262 262 123 - 
2C_7 - - - - - 
2C_8 - 197 197 128 - 
2C_9 - 288 288 115 - 
2C_10 192 208 208 137 218 
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Appendix I. continued 
      
Analysis 
Name
a
 
Q2F QF QS QP SP 
      
SD01C-1_3 - - - - - 
SD01C-1_1 - 66 66 - - 
SD01C-1_2 - - - - - 
SD01C-3_1 - - - - - 
SD01C-4_1 - 74 74 - - 
SD01C-4_2 - 68 68 - - 
SD01C-4_3 - 72 72 - - 
SD01C-4_4 - - - - - 
SD01C-4_5 - 77 77 - - 
SD01C-5_1 - - - - - 
SD01C-5_2 - - - - - 
SD01C-5_3 - - - - - 
SD01C-7_1 - 79 79 - - 
SD01C-7_2 - 66 66 - - 
SD01C-7_3 - 68 68 - - 
SD01C-7_4 - 66 66 - - 
SD01C-7_5 - - - - - 
SD01C-8_1 - 70 70 - - 
SD01C-8_2 - - - - - 
SD01C-8_3 - - - - 115 
SD01C-8_4 - - - - - 
SD02B-1_1 - 229 229 - - 
SD02B-1_2 - 234 234 - - 
SD02B-1_3 - 250 250 - - 
SD02B-1_4 - 248 248 - - 
SD02B-1_5 - 223 223 - - 
SD02B-1a_1 - 188 188 - - 
SD02B-1a_2 - 245 245 - - 
SD02B-1a_3 - 252 252 - - 
SD02B-1a_4
 
- 347 347 - - 
SD02B-1a_5 - 229 229 - - 
SD02B-2_1 - 243 243 - - 
SD02B-2_2 - 223 223 - - 
SD02B-2a_1 - 159 159 118 - 
SD02B-2_3 - 296 296 - - 
SD02B-2_4 - 198 198 - - 
SD02B-2_5 - 229 229 - - 
SD02B-2_6 - 259 259 - - 
SD02B-4_1 - 259 259 - - 
SD02B-4_2 - 172 172 - - 
SD02B-4_3 - 206 206 - - 
SD02B-4_4 - 218 218 - - 
SD02B-4_5 - 223 223 - - 
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Appendix I. continued 
 
Analysis 
Name
a
 
Q2F QF QS QP SP 
      
SD02B-5_1 - 171 171 - - 
SD02B-5_2 - 152 152 - - 
SD02B-5_3 - 245 245 - - 
SD02B-5_4 - 134 134 - - 
SD02B-7_1 - 198 198 - - 
SD02B-7_2 - 169 169 - - 
SD02B-7_3 - 193 193 - - 
SD02B-7_4 - 171 171 - - 
SD02B-7_5 - 178 178 - - 
SD11A-1_1 - 226 226 138 - 
SD11A-1_2 - 197 197 - - 
SD11A-1_3 - 229 229 - - 
SD11A-1_4 - 252 252 - - 
SD11A-2_1 - 88 88 - - 
SD11A-2_2 - 175 175 - - 
SD11A-2_3 - 198 198 - - 
SD11A-2_4 - 88 88 - - 
SD11A-3_1 - 82 82 - - 
SD11A-3_2 - - - - - 
SD11A-3_3 - 117 117 - - 
SD11A-3_4 - 73 73 - - 
SD11A-4_1 - 275 275 137 - 
SD11A-4_2 - 294 294 136 - 
SD11A-4_3 - 272 272 118 - 
SD11A-4_4 - 252 252 137 - 
SD11A-4_5 - 273 273 118 - 
SD11A-4_6 - 311 311 121 - 
SD11A-5_1
 
- 275 275 - - 
SD11A-5_2 - 221 221 - - 
SD11A-5_3 - 276 276 157 158 
SD11A-5_4 - 186 186 - - 
SD11A-6_1 - - - - - 
SD11A-6_2 - 79 79 - - 
SD11A-7_1 - 322 322 113 - 
SD11A-7_2 - 271 271 109 - 
SD11A-7_3 - 364 364 96 - 
SD11A-7_4 - 306 306 - - 
SD11A-8_1 - 164 164 - - 
SD11A-8_2 - 77 77 - - 
SD11A-8_3 - - - - - 
SD11A-8_4 - - - - - 
SD11A-9_1 - 111 111 - - 
SD11A-9_2 - 145 145 93 - 
SD11A-9_3 - 156 156 94 - 
SD11A-9_4 - 298 298 116 - 
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Appendix I. continued 
 
Analysis 
Name
a
 
Q2F QF QS QP SP 
      
SD12C-1_1 - 335 335 215 126 
SD12C-1_2 216 233 233 168 123 
SD12C-1_3 262 276 276 211 138 
SD12C-1_4 - 331 331 198 113 
SD12C-1_5 198 218 218 168 119 
SD12C-4_1 231 255 255 175 123 
SD12C-4_2 - 310 310 191 114 
SD12C-4_3 245 267 267 220 158 
SD12C-4_4 195 217 217 144 229 
SD12C-4_5 185 192 192 117 209 
SD12D-5_1 213 230 230 158 227 
SD12D-5_2 - 291 291 189 133 
SD12D-5_3 - 298 298 211 135 
SD12D-5_4 - 310 58 214 136 
SD12D-6_1 - 328 328 170 96 
SD12D-6_2 256 276 276 194 134 
SD12D-6_3 231 255 255 192 133 
SD12D-6_4 198 217 89 184 144 
SD12D-6_5 220 240 87 204 159 
SD12D-7_1 208 221 89 192 161 
SD12D-7_2 262 292 292 191 127 
SD12D-7_3 217 241 241 139 243 
SD12D-7_4 205 218 88 175 140 
SD12D-7_5
 
195 206 91 188 168 
SD12D-7_6 - 271 271 118 - 
SD12D-7_7 214 225 225 202 168 
SD12D-7_8 195 206 91 188 168 
SD12D-7_9 158 160 98 156 185 
SD5-1_1 - 253 253 123 - 
SD5-1_2 - 281 281 134 - 
SD5-1_3 - 253 253 118 - 
SD5-1_4 - 273 273 129 - 
SD5-1_5 - 306 306 134 - 
SD5-1_6 - - - 113 - 
SD5-1_7 - 291 291 113 - 
SD5-1_8 - 343 343 - - 
SD5-1_9 - 300 300 96 - 
SD5-2_1 - - - - - 
SD5-2_2
 
- - - - - 
SD5-2_3
 
- 261 261 94 - 
SD5-2_4 - 331 331 - - 
SD5-2_5 - 356 356 - - 
SD5-3_1 - 373 373 118 - 
SD5-3_2 - 327 327 94 - 
SD5-3_3 - 284 284 96 - 
257 
 
Appendix I. continued 
      
Analysis 
Name
a
 
Q2F QF QS QP SP 
      
SD5-4_1 - 270 270 114 - 
SD5-4_2 - 300 300 114 - 
SD5-4_3 - 277 277 113 - 
SD5-5_1 - 186 186 114 - 
SD5-5_2 - 346 346 114 - 
SD5-5_3 - - - - - 
SD5-5_4 - 381 381 - - 
      
a
Analysis Name: Pumice clast name-Pumice Chip Number_Spot Number 
Q2F: quartz + 2 feldspars, QF: quartz+feldspar (highest temperature feldspar); QS: quartz+sanidine; QP: 
quartz+plagioclase; SP: sanidine+plagioclase
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GLASS COMPOSITIONS AND RHYOLITE-MELTS PRESSURES FROM ORUANUI 
PUMICE CLASTS
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Appendix J. Glass compositions and rhyolite-MELTS pressures from Oruanui pumice clasts 
          
Analysis Name
a rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORN_067_1 129 77.85 0.15 12.36 1.13 0.13 4.06 3.31 1.01 
ORN_067_2 127 77.84 0.13 12.39 1.23 0.13 4.09 3.16 1.02 
ORN_067_3 133 77.82 0.14 12.35 1.20 0.13 4.02 3.24 1.10 
ORN_067_4 151 77.63 0.14 12.39 1.28 0.11 3.99 3.33 1.12 
ORN_067_5 140 77.88 0.10 12.32 1.17 0.12 4.08 3.25 1.07 
ORN_067_6 83 77.96 0.11 12.26 1.30 0.12 3.69 3.40 1.16 
ORN_067_7 128 77.83 0.19 12.27 1.21 0.11 4.08 3.28 1.03 
ORN_067_8 104 77.91 0.18 12.51 1.11 0.11 3.95 3.22 1.01 
ORN_067_9 128 77.84 0.15 12.36 1.17 0.15 4.01 3.26 1.06 
ORN_067_10 128 77.83 0.18 12.41 1.16 0.14 4.00 3.17 1.10 
          
P1537_1 118 77.91 0.16 12.35 1.12 0.14 3.91 3.35 1.05 
P1537_2 56 77.94 0.18 12.18 1.35 0.11 3.47 3.62 1.14 
P1537_3 100 78.01 0.19 12.33 1.12 0.14 3.91 3.22 1.09 
P1537_4 122 77.94 0.14 12.32 1.10 0.11 4.02 3.37 1.00 
P1537_5 165 77.66 0.17 12.35 1.16 0.11 4.24 3.31 1.00 
P1537_6 93 77.98 0.15 12.31 1.16 0.10 3.81 3.44 1.05 
P1537_7 121 77.88 0.14 12.38 1.15 0.13 3.96 3.32 1.03 
P1537_8 144 77.82 0.13 12.39 1.12 0.11 4.11 3.29 1.03 
P1537_9 116 77.94 0.16 12.23 1.19 0.08 3.94 3.39 1.06 
P1537_10 249 76.79 0.19 11.97 1.45 0.11 4.17 3.87 1.44 
          
P1541_1 97 77.85 0.14 12.45 1.27 0.13 3.77 3.29 1.10 
P1541_2 102 77.87 0.17 12.45 1.18 0.14 3.78 3.28 1.12 
P1541_3 93 77.91 0.18 12.38 1.15 0.14 3.66 3.40 1.18 
P1541_4 - 77.92 0.15 12.47 1.23 0.12 3.63 3.37 1.12 
P1541_5 153 77.73 0.16 12.45 1.13 0.13 4.09 3.19 1.11 
P1541_6 132 77.74 0.16 12.45 1.21 0.15 3.98 3.23 1.08 
P1541_7 - 77.90 0.15 12.59 1.19 0.13 3.66 3.31 1.07 
P1541_8 142 77.74 0.16 12.47 1.18 0.13 4.03 3.21 1.08 
P1541_9 113 77.98 0.16 12.39 1.16 0.10 3.95 3.17 1.09 
P1541_10 118 77.96 0.16 12.39 1.14 0.12 3.97 3.17 1.09 
          
P1542_1 56 78.18 0.17 12.39 1.16 0.12 3.57 3.27 1.14 
P1542_2 59 78.13 0.14 12.38 1.18 0.14 3.59 3.25 1.19 
P1542_3 58 78.09 0.15 12.44 1.22 0.13 3.65 3.16 1.16 
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Appendix J. continued 
          
Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
P1542_4 83 78.03 0.18 12.46 1.16 0.13 3.80 3.13 1.12 
P1542_5 99 77.90 0.18 12.44 1.21 0.14 3.83 3.15 1.14 
P1542_6 90 78.00 0.13 12.59 1.20 0.11 3.77 3.03 1.16 
P1542_7 - 78.16 0.15 12.43 1.26 0.13 3.49 3.22 1.16 
P1542_8 151 77.67 0.14 12.50 1.23 0.12 4.06 3.18 1.10 
P1542_9 127 77.83 0.17 12.38 1.20 0.12 3.93 3.20 1.17 
P1542_10 127 77.86 0.13 12.35 1.22 0.14 3.96 3.19 1.14 
          
P1573_1 88 77.91 0.16 12.41 1.27 0.13 3.68 3.26 1.18 
P1573_2 100 77.82 0.20 12.19 1.40 0.14 3.69 3.23 1.33 
P1573_3 125 77.72 0.18 12.30 1.35 0.16 3.75 3.24 1.30 
P1573_4 152 77.72 0.15 12.45 1.21 0.14 4.15 3.08 1.10 
P1573_5 145 77.74 0.20 12.42 1.29 0.14 4.09 2.95 1.17 
P1573_6 142 77.73 0.17 12.33 1.31 0.13 3.95 3.13 1.24 
P1573_7 94 77.94 0.11 12.40 1.28 0.15 3.78 3.17 1.18 
P1573_8 101 77.89 0.18 12.48 1.23 0.15 3.82 3.05 1.19 
P1573_9 - 77.99 0.16 12.45 1.21 0.15 3.71 3.18 1.15 
P1573_10 - 78.49 0.12 12.17 1.32 0.12 3.06 3.37 1.35 
          
P1577_1 155 78.02 0.00 12.44 0.77 0.18 4.04 3.44 1.10 
P1577_2 132 77.78 0.15 12.47 1.23 0.13 4.00 3.10 1.13 
P1577_3 113 77.92 0.19 12.37 1.21 0.14 3.84 3.13 1.20 
P1577_4 124 78.04 0.00 12.39 1.12 0.14 3.95 3.20 1.16 
P1577_5 100 77.78 0.19 12.37 1.36 0.13 3.70 3.25 1.21 
P1577_6 127 77.83 0.16 12.47 1.24 0.13 3.94 3.06 1.18 
P1577_7 - 76.98 0.27 11.60 2.34 0.11 3.06 4.05 1.59 
P1577_8 103 78.03 0.00 12.40 1.23 0.14 3.83 3.19 1.19 
P1577_9 144 77.78 0.14 12.37 1.26 0.14 4.03 3.09 1.19 
P1577_10 101 77.89 0.14 12.32 1.26 0.16 3.75 3.27 1.21 
          
ORN-018_1 196 77.41 0.17 12.42 1.15 0.15 4.23 3.30 1.16 
ORN-018_2 94 78.17 0.00 12.28 1.22 0.11 3.91 3.17 1.13 
ORN-018_3 153 77.65 0.19 12.36 1.21 0.13 4.06 3.25 1.14 
ORN-018_4 173 77.42 0.21 12.23 1.35 0.14 4.07 3.40 1.18 
ORN-018_5 - 72.55 0.00 15.86 1.12 0.13 4.39 2.87 3.07 
ORN-018_6 153 77.67 0.00 12.49 1.30 0.14 3.96 3.25 1.19 
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Appendix J. continued 
          
Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORN-018_9 159 77.65 0.16 12.31 1.17 0.19 4.07 3.31 1.14 
ORN-018_10 113 77.91 0.21 12.31 1.15 0.15 3.92 3.26 1.09 
          
ORN-019_1_1 144 77.86 0.13 12.36 1.16 0.12 4.02 3.18 1.17 
ORN-019_1_2 214 77.15 0.00 12.39 1.52 0.10 4.13 3.40 1.30 
ORN-019_1_3 176 77.44 0.00 12.32 1.45 0.16 4.10 3.37 1.16 
ORN-019_1_4 127 77.53 0.25 12.03 1.49 0.22 3.89 3.40 1.18 
ORN-019_1_5 167 77.62 0.00 12.43 1.38 0.14 4.14 3.12 1.16 
ORN-019_1_6 55 77.80 0.22 12.26 1.37 0.18 3.47 3.51 1.19 
ORN-019_1_7 166 77.54 0.00 12.30 1.44 0.15 4.07 3.35 1.15 
ORN-019_1_8 130 77.83 0.13 12.23 1.29 0.18 4.09 3.17 1.08 
ORN-019_1_9 128 77.87 0.00 12.26 1.37 0.13 3.95 3.23 1.19 
ORN-019_1_10 147 77.88 0.00 12.45 1.11 0.19 4.02 3.22 1.13 
          
ORN-019_2_1 171 77.67 0.00 12.40 1.29 0.10 4.18 3.24 1.12 
ORN-019_2_2 180 77.40 0.27 12.21 1.17 0.13 4.05 3.54 1.22 
ORN-019_2_3 128 77.82 0.00 12.33 1.31 0.15 4.00 3.34 1.05 
ORN-019_2_4 55 77.98 0.00 12.32 1.39 0.15 3.55 3.46 1.15 
ORN-019_2_5 155 77.63 0.19 12.45 1.14 0.17 4.01 3.26 1.15 
ORN-019_2_6 168 77.61 0.00 12.57 1.26 0.12 4.08 3.23 1.13 
ORN-019_2_8 147 77.76 0.00 12.50 1.24 0.10 4.05 3.28 1.07 
ORN-019_2_9 151 77.72 0.15 12.39 1.20 0.12 4.04 3.23 1.15 
ORN-019_2_10 166 77.70 0.00 12.41 1.25 0.15 4.08 3.23 1.18 
          
ORN-021_1 143 77.71 0.19 12.40 1.21 0.14 4.10 3.22 1.03 
ORN-021_2 152 77.48 0.25 12.25 1.38 0.13 3.97 3.38 1.16 
ORN-021_3 162 77.77 0.15 12.40 1.15 0.00 4.32 3.22 0.99 
ORN-021_4 93 78.04 0.00 12.09 1.34 0.11 3.87 3.51 1.04 
ORN-021_5 211 77.40 0.00 12.66 1.15 0.14 4.51 3.08 1.06 
ORN-021_6 143 77.83 0.00 12.33 1.25 0.12 4.00 3.31 1.15 
ORN-021_7 166 77.74 0.00 12.51 1.15 0.09 4.17 3.28 1.06 
ORN-021_8 53 77.98 0.16 12.31 1.32 0.00 3.58 3.64 1.01 
ORN-021_9 188 77.17 0.27 12.11 1.56 0.10 4.22 3.44 1.14 
ORN-021_10 204 76.93 0.29 12.38 1.53 0.12 4.11 3.39 1.25 
          
ORN-052_A_1 95 78.14 0.16 12.15 1.21 0.00 4.01 3.28 1.05 
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Appendix J. continued 
          
Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORN-052_A_2 103 78.02 0.00 12.23 1.24 0.16 3.92 3.38 1.05 
ORN-052_A_3 212 70.86 0.00 20.82 2.51 0.56 1.63 3.13 0.47 
ORN-052_A_4 128 77.75 0.23 12.24 1.22 0.14 4.16 3.33 0.93 
ORN-052_A_5 113 78.14 0.00 12.21 1.14 0.14 4.08 3.30 0.99 
ORN-052_A_6 132 78.02 0.00 12.40 1.04 0.09 4.12 3.35 0.97 
ORN-052_A_7 120 77.81 0.17 12.33 1.20 0.10 3.97 3.46 0.96 
ORN-052_A_8 136 77.48 0.00 12.09 1.62 0.00 3.60 3.96 1.25 
ORN-052_A_9 62 78.00 0.00 12.43 1.34 0.17 3.79 3.29 0.99 
ORN-052_A_10 172 77.09 0.00 12.09 2.02 0.00 3.97 3.61 1.22 
          
ORN-052_B_1 180 77.31 0.00 12.33 1.55 0.13 3.82 3.47 1.39 
ORN-052_B_2 107 77.47 0.00 12.12 1.67 0.22 3.41 3.83 1.29 
ORN-052_B_3 144 77.60 0.00 12.23 1.41 0.40 3.64 3.31 1.42 
ORN-052_B_4 - 74.73 0.20 14.49 1.23 0.22 4.49 2.41 2.23 
ORN-052_B_5 168 77.52 0.00 12.69 1.23 0.15 3.69 3.37 1.35 
ORN-052_B_6 179 77.38 0.00 12.44 1.45 0.19 3.84 3.31 1.39 
ORN-052_B_7 144 77.64 0.24 12.48 1.30 0.00 3.78 3.28 1.29 
ORN-052_B_8 132 77.84 0.00 12.14 1.29 0.16 3.63 3.50 1.44 
ORN-052_B_9 154 77.24 0.00 11.81 1.86 0.66 3.59 3.21 1.63 
ORN-052_B_10 86 77.81 0.00 12.61 1.53 0.00 3.56 3.24 1.24 
          
ORN-061_C_1 174 76.78 0.00 13.60 1.62 0.00 3.53 3.30 1.16 
ORN-061_C_2 172 77.53 0.23 12.31 1.16 0.16 4.09 3.37 1.15 
ORN-061_C_3 118 77.83 0.13 12.43 1.26 0.14 3.85 3.18 1.17 
ORN-061_C_4 144 77.44 0.21 12.21 1.53 0.11 3.77 3.47 1.26 
ORN-061_C_5 130 77.44 0.00 12.77 1.71 0.00 3.80 3.12 1.16 
ORN-061_C_6 55 78.27 0.00 12.25 1.45 0.00 3.87 3.06 1.10 
ORN-061_C_7 276 75.50 0.00 11.61 2.96 0.00 3.80 4.36 1.76 
ORN-061_C_8 224 77.21 0.00 12.64 1.26 0.14 4.44 3.17 1.14 
ORN-061_C_9 94 77.62 0.00 12.00 1.86 0.00 3.54 3.72 1.26 
ORN-061_C_10 151 77.61 0.00 12.40 1.50 0.13 4.06 3.14 1.15 
          
ORN-066_B_1 160 77.45 0.00 12.37 1.55 0.16 3.97 3.28 1.21 
ORN-066_B_2 148 77.68 0.18 12.45 1.20 0.14 3.98 3.23 1.14 
ORN-066_B_3 142 77.86 0.00 12.46 1.21 0.16 3.99 3.12 1.19 
ORN-066_B_4 147 77.72 0.00 12.43 1.32 0.16 3.99 3.23 1.15 
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Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORN-066_B_5 176 77.44 0.18 12.45 1.32 0.13 4.16 3.16 1.15 
ORN-066_B_6 140 77.62 0.25 12.37 1.31 0.13 3.91 3.23 1.18 
ORN-066_B_7 126 77.84 0.00 12.24 1.42 0.15 3.97 3.25 1.13 
ORN-066_B_8 136 77.78 0.16 12.31 1.38 0.00 4.03 3.16 1.17 
          
ORN-069_1_1 121 77.68 0.15 12.50 1.26 0.11 3.83 3.43 1.04 
ORN-069_1_2 - 78.17 0.16 12.23 1.35 0.00 3.27 3.72 1.10 
ORN-069_1_3 76 78.20 0.00 12.29 1.22 0.00 3.90 3.43 0.96 
ORN-069_1_4 58 78.04 0.00 12.58 1.34 0.00 3.57 3.42 1.05 
ORN-069_1_5 115 77.88 0.00 12.19 1.38 0.15 3.99 3.41 1.00 
ORN-069_1_6 149 77.49 0.00 12.06 1.64 0.14 3.87 3.60 1.19 
ORN-069_1_7 122 77.79 0.00 12.51 1.29 0.10 3.74 3.39 1.16 
ORN-069_1_8 93 77.80 0.00 12.57 1.39 0.14 3.74 3.31 1.06 
ORN-069_1_9 154 77.74 0.00 12.45 1.21 0.14 4.06 3.29 1.11 
ORN-069_1_10 147 77.67 0.24 12.26 1.32 0.14 4.02 3.15 1.21 
          
ORN-069_2_1_1 174 77.24 0.21 12.26 1.45 0.15 3.94 3.55 1.20 
ORN-069_2_1_2 217 76.96 0.17 12.18 1.60 0.11 4.29 3.50 1.19 
ORN-069_2_1_3 168 77.43 0.00 12.21 1.61 0.13 4.16 3.37 1.08 
ORN-069_2_1_4 100 77.97 0.15 12.11 1.27 0.09 3.86 3.43 1.12 
ORN-069_2_1_5 170 77.36 0.00 12.07 1.60 0.13 3.87 3.72 1.25 
ORN-069_2_1_6 128 77.57 0.18 12.04 1.46 0.19 3.84 3.57 1.14 
ORN-069_2_1_7 152 77.83 0.00 12.23 1.23 0.15 4.27 3.27 1.02 
ORN-069_2_1_8 140 77.71 0.23 12.02 1.41 0.00 4.08 3.44 1.10 
ORN-069_2_1_9 149 77.07 0.21 12.11 1.80 0.12 3.66 3.79 1.24 
ORN-069_2_1_10 141 77.55 0.16 12.20 1.31 0.14 3.69 3.75 1.19 
          
ORN-069_2_2_1 106 77.80 0.00 12.40 1.32 0.17 3.66 3.48 1.17 
ORN-069_2_2_2 164 77.71 0.00 12.42 1.20 0.13 3.95 3.38 1.21 
ORN-069_2_2_3 116 77.87 0.18 12.35 1.17 0.16 3.85 3.29 1.13 
ORN-069_2_2_4 140 77.78 0.18 12.37 1.19 0.12 4.01 3.25 1.10 
ORN-069_2_2_5 137 77.79 0.16 12.53 1.15 0.15 4.01 3.12 1.09 
ORN-069_2_2_6 143 77.74 0.19 12.25 1.21 0.16 4.01 3.34 1.10 
ORN-069_2_2_7 159 77.60 0.19 12.30 1.24 0.14 3.99 3.32 1.22 
ORN-069_2_2_8 120 77.93 0.16 12.30 1.14 0.15 4.01 3.27 1.04 
ORN-069_2_2_9 147 77.79 0.00 12.32 1.31 0.15 3.92 3.25 1.25 
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Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORN-069_2_2_10 185 77.27 0.17 12.51 1.37 0.17 4.34 3.18 0.99 
          
ORUA-48_1_1 171 77.48 0.16 11.94 1.39 0.14 3.56 3.68 1.65 
ORUA-48_1_2 142 77.34 0.17 12.37 1.47 0.13 3.67 3.68 1.17 
ORUA-48_1_3 167 77.51 0.20 12.21 1.26 0.14 4.07 3.53 1.08 
ORUA-48_1_4 93 77.55 0.21 12.36 1.34 0.16 3.37 3.82 1.19 
ORUA-48_1_5 262 75.48 0.18 13.43 2.01 0.20 3.33 3.90 1.47 
ORUA-48_1_6 130 77.62 0.20 12.22 1.36 0.13 3.89 3.48 1.10 
ORUA-48_1_7 149 77.56 0.11 12.12 1.42 0.15 3.76 3.58 1.30 
ORUA-48_1_8 99 77.08 0.22 12.02 1.78 0.15 3.22 4.25 1.27 
ORUA-48_1_9 186 75.89 0.31 11.53 2.75 0.24 3.47 4.34 1.47 
ORUA-48_1_10 222 77.05 0.16 11.92 1.47 0.14 4.24 3.75 1.27 
          
ORUA-48_2_1 168 77.29 0.19 11.97 1.53 0.09 3.74 3.75 1.44 
ORUA-48_2_2 145 77.37 0.20 12.22 1.45 0.11 3.71 3.76 1.18 
ORUA-48_2_3 129 77.54 0.16 12.19 1.40 0.13 3.67 3.74 1.17 
ORUA-48_2_4 198 76.74 0.21 11.95 1.72 0.16 3.69 4.20 1.33 
ORUA-48_2_5 242 75.61 0.32 11.91 2.39 0.15 3.51 4.66 1.44 
ORUA-48_2_6 329 75.90 0.00 11.88 1.98 0.16 4.32 4.09 1.66 
ORUA-48_2_7 158 76.32 0.26 11.78 2.21 0.16 3.10 4.63 1.53 
ORUA-48_2_8 143 76.61 0.24 11.79 1.97 0.15 2.89 4.69 1.65 
ORUA-48_2_9 130 77.51 0.19 12.17 1.41 0.15 3.72 3.68 1.17 
ORUA-48_2_10 170 77.21 0.14 12.07 1.57 0.11 3.71 3.85 1.33 
          
ORUA-49_1_1 - 77.37 0.19 11.78 2.06 0.18 2.65 4.32 1.45 
ORUA-49_1_2 146 77.25 0.20 12.34 1.52 0.11 3.59 3.74 1.25 
ORUA-49_1_3 170 77.09 0.14 12.53 1.48 0.22 3.56 3.62 1.36 
ORUA-49_1_4 135 77.35 0.17 12.58 1.35 0.19 3.55 3.63 1.18 
ORUA-49_1_5 - 72.05 0.42 11.01 5.30 0.19 3.10 5.87 2.06 
ORUA-49_1_6 126 76.23 0.20 11.78 2.41 0.18 2.79 4.85 1.56 
ORUA-49_1_7 139 77.60 0.18 12.39 1.29 0.14 3.85 3.42 1.13 
ORUA-49_1_8 178 77.03 0.17 12.32 1.64 0.17 3.93 3.55 1.19 
ORUA-49_1_9 228 76.10 0.28 12.32 1.97 0.25 3.48 4.05 1.55 
ORUA-49_1_10 176 77.20 0.11 12.54 1.41 0.16 3.83 3.55 1.20 
          
ORUA-49_2_1 140 77.14 0.14 12.83 1.48 0.16 3.42 3.62 1.21 
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Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORUA-49_2_2 119 77.32 0.22 12.33 1.50 0.18 3.45 3.77 1.23 
ORUA-49_2_3 94 77.59 0.22 12.26 1.40 0.16 3.49 3.67 1.21 
ORUA-49_2_4 173 76.97 0.18 11.92 1.63 0.17 3.31 4.23 1.59 
ORUA-49_2_5 138 77.54 0.15 12.42 1.26 0.16 3.64 3.64 1.19 
ORUA-49_2_6 106 77.18 0.19 12.31 1.60 0.19 3.21 4.01 1.31 
ORUA-49_2_7 161 77.00 0.15 11.95 1.76 0.19 3.51 4.03 1.41 
ORUA-49_2_8 122 77.57 0.17 12.10 1.47 0.15 3.62 3.65 1.27 
ORUA-49_2_9 183 76.50 0.19 13.06 1.58 0.20 3.24 3.88 1.35 
ORUA-49_2_10 90 77.13 0.24 11.94 1.85 0.13 3.11 4.21 1.39 
          
ORUA-50_1_1 197 75.31 0.41 11.39 2.86 0.18 2.96 5.14 1.75 
ORUA-50_1_2 121 76.08 0.23 11.20 2.68 0.12 2.81 5.24 1.64 
ORUA-50_1_3 123 77.42 0.23 12.27 1.55 0.18 3.61 3.47 1.27 
ORUA-50_1_4 145 76.60 0.23 11.89 2.03 0.28 3.29 4.37 1.30 
ORUA-50_1_5 354 75.57 0.20 12.71 1.74 0.21 4.40 3.71 1.45 
ORUA-50_1_6 167 77.31 0.24 11.92 1.47 0.15 3.80 3.81 1.30 
ORUA-50_1_7 - 73.72 0.22 11.59 1.85 0.23 6.27 4.03 2.10 
ORUA-50_1_8 244 76.31 0.16 11.84 2.03 0.17 4.06 4.10 1.33 
ORUA-50_1_9 59 77.07 0.19 12.85 1.64 0.18 2.71 4.00 1.35 
ORUA-50_1_10 207 75.02 0.41 11.13 3.34 0.28 3.40 4.74 1.67 
          
ORUA-50_2_1 51 77.89 0.16 12.37 1.26 0.13 3.47 3.64 1.08 
ORUA-50_2_2 167 77.27 0.21 12.67 1.25 0.14 3.82 3.54 1.10 
ORUA-50_2_3 172 77.50 0.18 12.22 1.24 0.15 3.99 3.54 1.18 
ORUA-50_2_4 91 77.21 0.22 11.95 1.72 0.13 3.09 4.28 1.40 
ORUA-50_2_5 119 77.53 0.13 12.17 1.43 0.24 3.55 3.75 1.20 
ORUA-50_2_6 297 74.29 0.20 14.68 2.43 0.27 3.05 3.65 1.43 
ORUA-50_2_7 95 77.80 0.12 12.07 1.42 0.10 3.66 3.71 1.12 
ORUA-50_2_8 167 77.38 0.16 12.14 1.28 0.27 3.63 3.73 1.41 
ORUA-50_2_9 125 77.35 0.21 12.29 1.45 0.19 3.51 3.77 1.23 
ORUA-50_2_10 124 77.35 0.28 12.15 1.61 0.00 3.52 3.78 1.31 
          
ORUA-51_1_1 117 77.62 0.15 12.22 1.46 0.13 3.73 3.55 1.14 
ORUA-51_1_2 179 77.36 0.13 12.33 1.30 0.14 4.10 3.55 1.08 
ORUA-51_1_3 248 75.89 0.19 12.30 2.34 0.18 4.19 3.74 1.17 
ORUA-51_1_4 93 75.20 0.36 11.32 3.46 0.00 2.33 5.60 1.74 
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Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORUA-51_1_5 399 75.34 0.00 12.22 1.42 0.52 3.81 3.49 3.21 
ORUA-51_1_6 119 77.79 0.00 12.14 1.33 0.17 3.66 3.73 1.18 
ORUA-51_1_7 144 77.48 0.18 12.33 1.38 0.10 3.80 3.60 1.13 
ORUA-51_1_8 125 77.50 0.15 12.08 1.50 0.12 3.60 3.81 1.24 
ORUA-51_1_9 77 77.46 0.16 11.79 1.74 0.16 3.34 4.05 1.30 
ORUA-51_1_10 143 77.63 0.17 12.16 1.36 0.08 3.83 3.59 1.18 
          
ORUA-51_2_1 231 75.95 0.24 12.10 2.17 0.23 3.57 4.30 1.44 
ORUA-51_2_2 144 77.04 0.15 12.07 1.80 0.30 3.60 3.81 1.23 
ORUA-51_2_3 138 77.62 0.15 12.41 1.20 0.19 3.77 3.52 1.14 
ORUA-51_2_4 94 77.72 0.19 12.09 1.38 0.12 3.59 3.77 1.14 
ORUA-51_2_5 118 77.43 0.13 12.27 1.58 0.14 3.55 3.69 1.21 
ORUA-51_2_6 179 77.41 0.19 12.19 1.31 0.17 4.13 3.44 1.16 
ORUA-51_2_7 92 77.74 0.11 12.37 1.35 0.16 3.62 3.54 1.12 
ORUA-51_2_8 - 76.98 0.29 11.74 2.22 0.17 2.77 4.39 1.44 
ORUA-51_2_9 197 77.14 0.21 12.39 1.36 0.13 4.09 3.53 1.15 
ORUA-51_2_10 - 78.43 0.18 11.33 1.54 0.17 3.41 3.66 1.28 
          
ORUA-52_1_1 175 76.97 0.00 12.40 1.68 0.18 3.62 3.91 1.24 
ORUA-52_1_2 192 76.70 0.15 12.02 1.84 0.15 3.62 4.18 1.34 
ORUA-52_1_3 197 77.02 0.14 12.19 1.54 0.10 3.78 3.89 1.34 
ORUA-52_1_4 233 76.10 0.24 11.72 2.10 0.21 3.64 4.47 1.51 
ORUA-52_1_5 278 76.54 0.16 11.89 1.54 0.21 4.70 3.69 1.26 
ORUA-52_1_6 228 76.71 0.25 12.07 1.56 0.13 4.11 3.89 1.27 
ORUA-52_1_7 51 77.68 0.24 12.13 1.50 0.14 3.48 3.67 1.16 
ORUA-52_1_8 152 76.92 0.26 11.91 1.80 0.18 3.49 4.12 1.32 
ORUA-52_1_9 - 75.32 0.22 12.29 1.70 0.27 5.28 3.60 1.31 
ORUA-52_1_10 338 73.35 0.29 12.63 3.43 0.36 3.23 4.92 1.79 
          
ORUA-52_2_1 172 77.01 0.15 12.94 1.40 0.19 3.72 3.45 1.13 
ORUA-52_2_10 149 77.44 0.16 12.59 1.28 0.08 3.83 3.53 1.09 
ORUA-52_2_2 122 77.64 0.12 12.16 1.34 0.15 3.66 3.77 1.15 
ORUA-52_2_3 190 77.07 0.00 12.45 1.62 0.12 3.95 3.60 1.18 
ORUA-52_2_4 146 77.72 0.14 12.19 1.20 0.12 3.92 3.57 1.13 
ORUA-52_2_5 251 75.71 0.25 13.30 1.80 0.22 3.43 3.91 1.37 
ORUA-52_2_6 159 77.17 0.20 12.46 1.38 0.17 3.74 3.78 1.10 
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Analysis Name
a
 
rhyolite-MELTS 
Pressure (MPa) 
SiO2 TiO2 Al2O3 FeO MgO Na2O K2O CaO 
          
ORUA-52_2_7 198 77.17 0.15 12.16 1.39 0.17 4.04 3.70 1.22 
ORUA-52_2_8 165 77.19 0.17 12.55 1.37 0.20 3.80 3.59 1.13 
ORUA-52_2_9 266 76.26 0.18 12.64 1.64 0.20 4.06 3.67 1.34 
 
a 
Analysis Name: Pumice clast name(_Pumice Chip Number, if multiple chips used)_Spot Number 
 
Italicized sample names are results culled from the dataset, based on lack of rhyolite-MELTS pressure estimate or 
major element contents 
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